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Abstract 
The traditional way of carrying out the processes of route 
selection for linear features, such as pipelines, roads, etc is 
tedious, time consuming, needs a considerable effort and above 
all that it lacks the integration of the different data layers that 
should be involved in these processes. The effort made in this 
reseach investigated the potentialty of GIS Technology based 
route selection processes. Different types of linear features 
(roads, railways, pipelines and irrigation canals) were involved 
in the investigation. The results obtained from the work clearly 
revealed that there is a great potentialty for carrying out 
optimum route selection processes using the GIS analysis 
techinques. The selected route would be based on the full 
integration of all the data layers relevant to the selection 
processes. Compared to the traditional methods, these modern 
techinques are quick accurate and above all insure the 
possibility of data exchange between the different departments 
for future simillar works. Also the same project data held in the 
computer in digital form may be used for other future projects.         
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Chapter One    
Introduction 
A geographical information system (GIS) is a system of hardware 
and software used for storage, retrievial, mapping and analysis of 
geographic data. It represents a suitable tool for scientific investigation, 
resource management and development planning. 
The primary aim of this research work is to investigate the 
potentiality of using GIS analysis facilities for the optimum route 
selection of linear man made features, such as roads, canals, pipelines, 
railways, high tension lines, water lines, etc.  
Different samples of linear features were used in the investigation. 
Four types of features were used in the research work these features are  
irrigation canals,  roads, railways and pipelines. The source data for each 
type of features is an existing map (topographic and demographic). The 
graphic data was converted to digital form  by scanning and digitization. 
The scanning process was carried out by using an A0 scanner tablet 
(VEXCEZ, Ultra Scan 5000). The digitization was carried out using Auto 
Cad digitizing facilities. 
The results obtained from the investigation clearly revealed the 
great potentiality of a GIS technology based route selection for linear 
features. Compared to the traditional route selection processes, these 
processes are quick, accurate and insure the full integration of all data 
layers related to the selection processes with the specific types of 
features. Also the role of storing data in digital form should be considered 
here. This allows the possibility of data exchange between the different 
bodies (departments, institutes, etc), avoid the duplication of effort in data 
capture and reduces the total cost of the selection processes.  
The work carried out in the research is presented in the following 
manner. The GIS definitions, history, applications, advantages, 
developments, hardware, software, data, methods and users were fully 
described in chapter two. This is followed by chapter three in which GIS 
networking analysis was described. GIS data quality, error at different 
stages such as (data entering, processing, analysis, and output) was 
described in chapter four. This is followed by chapter five in which the 
methodology of project data capturing, georeferencing, editing and 
prepartion were fully investigated. The results obtained from the effort 
made in the thesis and their  analysis and discussion are presented in 
chapter six. Finally, the conclusions, recommendations drawn from the 
research work and the problems faced by the auther are presented in 
chapter seven. 
       
 
Chapter Two 
Geographic Information Systems 
2.1 Definitions of GIS  
A GIS has multi definitions changed by time, user needs, GIS 
programs ability , application data types, …..etc. These definitions can be 
classified in four schools as follows : 
 
a). Information system  
"A geographic information system is a special case of information 
systems where the database consists of observations on spatially 
distributed features, activities or events, which are definable in space as 
points, lines, or areas. A geographic information system manipulates data 
about these points, lines, and areas to retrieve data for ad hoc queries and 
analysis." (Dueker  1979). 
This definition shows GIS as an information system taking 
inconsideration spatial information. Parker 1988, Smith et al 1987, 
Devine & Field 1986, Brassel 1983 and Guoptill 1988 have similar 
definitions.  
 
b). Multi-purpose Cadastre 
"An automated set of functions that provides professionals with 
advanced capabilities for the storage, retrieval, manipulation, and display 
of geographically located data." (Ozemoy Smith & Sicherman  1981  ). 
This definition shows GIS as an extention to the multi-purpose cadastre. 
Burrough 1986 and DoE 1986  have similar definitions. 
 
c). Decision Making 
"A decision support system involving the integration of spatially 
referenced data in a problem-solving environment." (Cowen 1988) 
This definition shows GIS as a tool assisting in decision making. Muller 
1991, Crain &  MacDonald 1984 and Parenet & Church 1987 have 
similar definitions. 
 
d). Ramification of GIS Definition 
"A geographical information system (GIS ) is a computer-based 
tool for mapping and analyzing things that exist and events that happen 
on Earth. GIS technology integrates common database operations such as 
query and statistical analysis with unique visualization and geographic 
analysis maps. These abilities distinguish GIS from other information 
systems and make it valuable to a wide range of public and private 
enterprises for explaining events, predicting outcomes and planning 
strategies." (ESRI 1997). 
This definition shows GIS as a system of multiple use. Aziz 1991 and 
Zoelitz 1989 have similar definitions. 
 
2.2What is GIS?  
 
2.2.1 The Word GIS 
The word GIS is referenced to geographical information system: 
i. Geography   
The word geography was invented by the ancient Greek scholar 
Eratosthenes and literally means "writing about the earth." The 
word can be divided into two parts  geo and graphy. Geo means the 
earth and graphy refers to writing. Of course, geography today 
means much more than writing about the earth but it's a difficult 
discipline to define. Many geographers have done their best to 
define geography using a few words but a typical dictionary 
definition today reads, the science which has for its object the 
description of the earth's surface, treating of its form and physical 
features, its natural and political divisions, the climate, 
productions, population, etc., of the various countries. It is 
frequently divided into mathematical, physical, and political 
geography. 
 
ii.  Information  
The word information has multiple definitions:  
a) The action of informing; formation or moulding of the mind or 
character, training, introducing, teaching; communication of 
instructive knowledge. 
b) The action of informing; communication of the knowledge or 
`news' of some fact or occurrence; the action of telling or fact of 
being told of something. 
c)  Knowledge communicated concerning some particular fact, 
subject, or event; that of which one is apprised or told; 
intelligence, news  specfically contrasted with data.  
iii.   System 
A set or assemblage of things connected, associated, or 
interdependent, so as to form a complex unit; a whole composed of parts 
in orderly arrangement according to some scheme or plan; rarely applied 
to a simple or small assemblage of things. 
 
 
 
2.2.2 Philosophy of  GIS 
The proliferation of GIS is explained by its unique ability to 
assimilate data from widely divergent sources, to analyze trends over 
time and to spatially evaluate impacts caused by development. For an 
experienced analyst. GIS is an extension of ones own analytical thinking. 
The system has no in-built solutions for any spatial problems,  it depends 
upon the analyst. The importance of different factors of GIS in decreasing 
order are spatial analysis, database, software and hardware. (adopted from 
Website). 
 
2.2.3 History of  GIS 
Developing and understanding of GIS has been achieved over a 
long period of time. In the process so many people has contributed by 
developing further the needed computer capabilitis, principles of 
designing databases, methods of drawing maps mechanically and 
methods of spatial analysis.  
This tremendous achievement was done thanks to the efforts of so 
many scientists of whom we mention: 
a) Developments before 1900                        
i. Alexander Berthier in 1781 designed the first map with multi 
data layers. 
ii. In 1850's the British designed the first atlas quantitie maps. 
iii. In 1854 John Snow designed the first map of spatial data. 
iv. In 1890 Herman Hollerith founded the mechanical 
processing for spatial data. 
v. In 1890 also the French developed LOOMS program for 
processing of demographic data. 
 
It is worth mention that all those pioneers were Europeans except 
Herman Hollerith, and that their efforts were concerned with 
developments in the field of designing and drawing of maps. 
 
The above mentioned developments were done in the nineteen 
century, but in the 20th century we find that developments can be divided 
periodically as follows: 
b). Developments before 1960                        
i. Nrstuen studied the principles of  spatial data analysis.  
ii. Tobler designed the map projections. 
iii. Bunge founded the mathematical principles for geographers. 
iv. Berry  developed the methods of symbolizing the spatial 
features. 
v. Farson developed quantitative methods in transport 
geography not-ably all. 
These developments were done in Washington University and 
resulted in making map projection and the use of symbols to distinguish 
spatial data in layers.  
 
c) Developments after 1960's                        
i. In 1964 the Canadians has developed the first integrated 
geographic information system. 
ii. In 1964 at Harvard University a GIS laboratory was made 
and many systems were developed. 
iii. In 1968 the British has established a teaching and 
research laboratory. 
Developments at this decade were achieved by Americans 
as well as the Europeans but mostly by the Canadians who 
used computer to make the first GIS, by digitizing maps, 
tabling the attribute data, using scanners to input spatial data 
to computer, conversion of  the data from raster to vector 
type and linking attribute data to their corresponding 
features. Also in this decade the Americans developed 
SyMap program which can produce maps mechanically to 
the computer. Also the maps could be produced by plotters 
instead of being printed, moreover a program has been 
developed to show maps in 3D view. At this decade also 
short courses of training for students and interested people in 
GIS programs were developed. These training programs 
resulted in the establishing of ESRI (Environment System 
Research Institute) corporation. Some of  the programs of 
GIS developed at this decade are: 
GEOMAP, MANS, LUNR, Oxford Cartographic System, 
NRIS & GIMMS, MIADS, NARIS, CIUIS, CMS, 
MAP/MODEL, BRADMAP, FARIS, ERIE, DIME, URISA, 
…, etc.  
 
d). Developments in the 1970's   
i. In 1973 conferences were held in the Canadian and American 
universities. 
ii. In 1976  new versions of making computerized demographic 
maps were developed. 
iii. In 1975 private companies developed many of information 
system's programs. 
Developments at this decade were achieved jointly by the 
whole world through conferences, seminars and lectures. This  
resulted in the establishment of specialized private companies 
and preparing curricular for universities and high institutes. 
Also computers and GIS were modernized at this decade. 
 
e). Developments in the 1980's 
i. Members and diversity of users has increased. 
ii. Modern systems were developed like Arc/info program. 
iii. New data files were produced like TIGER. 
iv. The appearance of GPS and RTK are a real revolution. 
v. Information systems were introduced in international 
telecommunication companies like Bit Net. 
vi. Curricular of GIS were prepared for the universities, institutes 
and private corporations. 
This decade was characterized by the appearance of large 
private companies which invested heavily in this field, and also 
by increasing number of users and issuing of periodicals, 
magazines and references specialized in GIS.  
 
f). development in 1990's up to now 
i. Complex systems have been combined. 
ii. Multimedia was introduced. 
iii. 3rd  world countries have begun to join the list of GIS users. 
iv.   Qatar university has tried to prepare the first Arabic version of 
GIS and Qatar GIS for the whole country has started. 
This decade was projected characterized by the appearance 
of most important features of this period is the appearance of 
systems that use raster without conversion data to vector type. 
Examples of these systems: EARDAS, IDRIS(4),Arc/Info(6), 
SPANS (3), ….etc. These systems can process and analyze 
satellite images. Important development in this decade was the 
production of Auto Cad which works compatibly with Arc/Info.  
GIS was used immensely at this epoch by different specialties.    
 
2.2.4 Essential of GIS  
GIS is not a computer system for making maps and graphics, but 
rather, a set of tools for identifying spatial relationships between data 
features, or a cross data themes. GIS establishes data linkage across 
different sets of data, generally referenced to some position or often a 
geographic place. 
 
2.2.5 Questions GIS can be able to  Answer 
The GIS answers questions concerning:  
a). Location (where is it ……?).    
b). Condition (what is at ……?).    
c). Trends (what has change since ……?).    
d). Patterns (what spatial patterns relationships-exist ……?).    
e). Modeling  (what if ……?). 
f). Routing (what is the best way...?)    
 
2.3 GIS Advantages 
2.3.1 Introduction 
In general, a GIS provides facilities for data capture, data 
management, data manipulation and analysis, and the presentation of 
results in both graphic and report form, with a particular emphasis upon 
preserving and utilizing inherent characteristics of spatial data. 
The ability to incorporate spatial data, manage it, analyze it, and answer 
spatial questions is the distinctive characteristic of geographic 
information systems. 
 
2.3.2 Decision Making 
Geographical information is essential for effective planning and 
decision-making. The reason for that is twofold firstly it gives you a 
better understanding of a place by combining layers of information about 
that place. Secondly it allows  us to apply general principles to the 
specific condition of each location, allows us to track what is happening 
at any place and helps us to understand how one place differs from the 
other.You may combine different layers depending on what your purpose 
is; whether it's finding the ideal location for your business, analyzing 
damage to the environment, trying to discern a pattern for crimes  
committed in a particular city, etc. 
 
2.3.3 Map Making and Updating 
Researchers are working to incorporate the mapmaking processes 
of traditional cartographers into GIS technology for the automated 
production of maps. One of the most common products of a GIS is a map. 
Maps are generally easy to make using a GIS and they are often the most 
effective means of communicating the results of the GIS process. 
Therefore, the GIS is usually a prolific producer of maps. The users of a 
GIS must be concerned with the quality of the maps produced because the 
GIS normally does not regulate common cartographic principles. One of 
these principles is the concept of generalization, which deals with the 
content and detail of information at various scales. The GIS user can 
change scale at the push of a button, but controlling content and detail is 
often not so easy. Mapmakers have long recognized that content and 
detail need to change as the scale of the map changes. Also GIS had the 
ability to update maps in its program and put up with the last maps 
updating in their programs. 
2.3.4 Writing Reports 
Report writer eliminates the need to export GIS project data to 
outside graphic and word processing software to assemble a professional 
looking printed report. Those functions are integrated within most of the 
GIS application programs, (e.g Arc View). The extension gives you the 
choice of formating a quik basic report from the data in the view , or 
using the Report wizard. The report wizard lets you create a more 
detailed and sophisticated presentation than the quick report. A series of 
screens in the wizard prompts you for the kinds of the data you want to 
include in the report, then helps you with overall report design, including 
formating and layout, text placement, size and font and insertion of 
graphic elements, including OLE objects.      
 
2.3.5 Processing and Saving  data 
GIS offers its users the ablitiy to process quantities of data beyond 
the capacities of manual systems. Data in GIS are  stored in a uniform, 
structured manner as opposed to manual systems in which data are stored 
in archives and files in agencies, on files, cards or on maps. Reports  may 
be retreived from GIS databases and manipulated more rapidly and 
reliably than data in manual system. 
  
2.3.6 Database Managing   
The principle characteristic of managing database are 
a). Data are available to many users.  
b). Data are stored in one place.  
c). Data are structured and standardized. 
d). Data from dissimilar sources may be interconnected and used 
jointly.  
e). Data are amenable to rectification. 
f).  Data may be accessed  rapidly. 
 
2.3.7 Serving GIS over the Internet  
Through Internet map server technology, spatial data can be 
accessed and analyzed over the Internet. Giving  web services and 
potential customers the benefits of GIS power on your web site at no cost 
to them.  For example, current wildfire perimeters are displayed with a 
standard web browser, allowing fire managers to better respond to fires 
while in the field and helping homeowners to take precautionary 
measures. 
 
 
2.3.8 GIS Everyday 
Geograohical information system (GIS) Technology is growing in 
popularity and acceptance and is important today because it offers means 
of understanding and dealing with some of the most pressing 
geographical problems of our time . 
GIS  is being utilised to examine problems like tropically sensitive 
development of natural resources, rapid urbanisation and the future of the 
global climate.            
 
2.3.9 Other or (General) Advantages  
(a) GIS is playing a key role in: 
     -  Monitoring and documenting natural conditions and detecting 
changes. 
- Documenting the suitability of resources and land areas for various 
uses. 
- Exposing conflicts and conflicting interests. 
- Revealing cause-effect relationships. 
- Modeling the interaction of various components of the effect of 
changes for example: The effects of continued burning of fossil 
fuels on atmospheric carbon dioxide. 
(b) GIS can play a key role in resolving the following current  global 
problems: 
- Uncontrolled desertification. 
- Erosion particularly of productive agricultural soils. 
- Monoculture particularly in areas devoted to cereal.   
- Production such as the American Midwest and its associated 
pollution and soil desertification. 
- Loss of endangered animal and plant species.  
- Acid rain and associated deterioration of forest and aquatic 
environments. 
- Pollution of rivers, lakes and oceans   
- Environmentally related illnesses. 
- Contaminated ground water and other Environmentally related 
stresses. 
- The green house effect and resultant climatic change.  
- Reduction in the ozone layer. 
- Repeated Environmental catastrophes, such as oil spills, poison 
leaks and radioactive releases. 
 
 
  
2.4 GIS Technology 
2.4.1 Introduction  
GIS as an integrating technology in the context of these 
innovations, geographic information systems have served an important 
role as an integrating technology. Rather than being completely new, GIS 
have evolved by linking a number of discrete technologies into a whole 
that is greater than the sum of its parts. GIS have emerged as very 
powerful technology because it allows geographers to integrate their data 
and methods in ways that support traditional forms of geographical 
analysis, such as map overlay analysis as well as new types of analysis 
and modeling that are beyond the capability of manual methods. With 
GIS it is possible to map, model, query, and analyze large quantities of 
data all held together within a single database.  
The importance of GIS as an integrating technology is also evident 
in its pedigree. The development of GIS has relied on innovations made 
in many different disciplines: Geography, Cartography, Photogrammetry, 
Remote Sensing, Surveying, Geodesy, Civil Engineering, Statistics, 
Computer Science, Operations Research, Artificial Intelligence, 
Demography, and many other branches of the social sciences, natural 
sciences, and engineering have all contributed. Indeed, some of the most 
interesting applications of GIS technology discussed below drawn upon 
this interdisciplinary character and heritage.  
The GIS technology is rapidly becoming a standard tool for 
management of natural resources. The effective use of large spatial data 
volumes is dependent upon the existence of an efficient geographic 
handling and processing system to transform this into usable information. 
 
2.4.2 Relation to other Technologies 
GIS and related technologies such as Global Positioning Systems 
(GPS), remote sensing, geostatistics, and computer modeling have 
transformed the ways in which geographic information is collected, 
analyzed, modeled, and displayed. 
 
2.4.3 Adding the Element of Time 
The condition of the Earth's surface, atmosphere, and subsurface 
can be examined by feeding satellite data into a GIS. GIS technology 
gives researchers the ability to examine the variations in Earth processes 
over days, months, and years. As an example, the changes in vegetation 
vigor through a growing season can be animated to determine when 
drought was most extensive in a particular region. The resulting 
normalized vegetation index represents a rough measure of plant health. 
Working with two variables over time will allow researchers to detect 
regional differences in the lag between a decline in rainfall and its effect 
on vegetation.  
 
2.4.4  Graphic Display Techniques  
Traditional maps are abstractions of the real world; each map is a 
sampling of important elements portrayed on a sheet of paper with 
symbols to represent physical objects. People who use maps must 
interpret these symbols. Topographic maps show the shape of the land 
surface with contour lines. Graphic display techniques in GISs make 
relationships among map elements more visible, heightening one's ability 
to extract and analyze information.  
 
2.5 Development of GIS  
2.5.1 Introduction 
Computrized mapping spatial analysis have been developed 
simultaneosly in several related fields. The present status would not have 
been achieved without close interaction between various fields such as 
utility networks cadastral mapping, topographic mapping, themetic 
cartography, surverying and photogrametery remote sensing, image 
processing, computer science, rural and urban planning, earth science and 
geography. 
 
2.5.2 Development of Computer System: 
GIS has also developed a computer system to process geographical 
information in various ways these include:  
a) Techniques to input geographical information, converting the 
information to digital form.  
b) Techniques for storing such information in computer disks either 
in compact disk like (CDs, Flash disk and Floppy disk) or in 
other digital storage media. 
c) Methods for automated analysis of geographical data to search 
for patterns, combine different kinds of data make 
measurement, find optimum site or route and host for other 
tasks. 
d) Methods to predict the out come of various scenarios such as the 
effects of climate change on vegetation. 
e) Techniques for display of data in form of maps, images and 
other kinds of display. 
f) Capabilities for output of results in form of numbers and tables. 
 
 
2.5.3 Storage  
The  ability of a GIS to store relationships between features in 
addition to feature locations and attributes is one of the most important 
sources of the power and flexibilty of this technology. Some GISs can 
even store flows and other measures of interaction between features, to 
support applications in transportation, demography, communication and 
hydrology among other area.    
 
2.5.4 Applied to Great Deal of Peoples 
Because Geographic Information Systems are designed as a 
generic system for handling any kind of spatial data, they have a wide 
range of applications in urban and natural environments. 
Geographical data and GIS are continuously finding new area of 
application. To date, the GIS market has been dominated by products 
aimed at professional users. New and untraditional user groups have 
appeared in recent years. GIS in business, for example, has become a 
common term. The feature of success of GIS will also depend on how 
well we manage to communicate with decision makers. Once again we 
have to remember that it is not the operators who are the real users, but 
those who make decisions on the basis of maps and tables produced by 
GIS.    
 
2.5.5 Fast Resulting  
Through a process known as visualization,  GIS can be used to 
produce images not just maps, but drawings, animations, and other 
cartographic products. These images allow researchers to view their 
subjects in ways that they never could before. The images often are 
helpful in conveying the technical concepts of a GIS to nonscientists. 
 
2.5.6 The Future of GIS 
Environmental studies, geography, geology, planning, business 
marketing, and other disciplines have benefited from GIS tools and 
methods. Together with cartography, remote sensing, global positioning 
systems, photogrammetry, and geography, the GIS has evolved into a 
discipline with its own research base known as geographic information 
sciences. 
An active GIS market has resulted in lower costs and continual 
improvements in GIS hardware, software, and data. These developments 
will lead to a much wider application of the technology throughout 
government, business, and industry. 
GIS and related technology will help analyze large datasets, allowing a 
better understanding of terrestrial processes and human activities to 
improve economic vitality and environmental quality. 
 
2.6 GIS Applications  
2.6.1 Introduction 
GIS is now used extensively in government, business, and research 
for a wide range of applications including environmental resource 
analysis, landuse planning, locational analysis, tax appraisal, utility and 
infrastructure planning, real estate analysis, marketing and demographic 
analysis, habitat studies, and archaeological analysis.  
One of the first major areas of application was in natural resources 
management, including management of wildlife habitat, wild and scenic 
rivers, recreation resources, floodplains, wetlands, agricultural lands, 
aquifers and forests.  
One of the largest areas of application has been in facilities 
management. Uses for GIS in this area have included locating 
underground pipes and cables, balancing loads in electrical networks, 
planning facility maintenance and tracking energy use.  
GIS has been commonly applied in areas like zoning and 
subdivision planning, land acquisition, environmental impact policy, 
water quality management and maintenance of ownership.  
More recent and innovative uses of GIS have used information 
based on street-networks. GIS has been found to be particularly useful in 
address matching, location analysis or site selection, development of 
evacuation plans, emergency response planning, global change and 
climate history project and Wildfire hazard identification and mitigation 
system. 
The range of applications for GIS is growing as systems become 
more efficient, more common, and less expensive. Some of the newest 
applications have taken GIS to unexpected areas. 
 
2.6.2 Networking Analysis 
The Network Analysis techniques enable users to solve a variety of 
problems based on geographic networks (e.g.., streets, highways, rivers, 
pipelines, utility lines). Solve problems such as finding the most efficient 
travel route across town, generating travel directions, finding the closest 
emergency vehicle or service facility to an incident, or defining service 
areas or sales territories based on travel time. 
 
 
2.6.3 Spatial Analysis 
GIS spatial analysis lets you discover and understand the spatial 
relationships of your data.  You can use this ability to plan new locations 
for your business.   By analyzing economic growth potential, and existing 
locations, you can find the optimum site.  Another aspect is Land 
Use/Land Cover planning.  What kind of soils and vegetation exist in a 
location?  How will development of a site impact the ecological aspects 
of that site?  Are there any pre-existing hazards (landslides, flooding, 
etc...) that might pose a problem?  Using Spatial Analysis one can 
identify these factors and devise ways of dealing with them. 
 
2.6.4 Three Dimensional GIS  
To more realistically analyze the effect of the Earth's terrain, we 
use three-dimensional models within a GIS. A GIS can display the Earth 
in realistic, three dimensional perspective views and animations that 
convey information more effectively and to wider audiences than 
traditional, two-dimensional and static maps.  
 
2.6.5 Image Analysis  
The GIS image analysis  brings remote sensing capabilities to your 
desktop.  Through the use of aerial and satellite imagery you can perform 
spectral and spatial operations that allow you to perform geographic 
analysis. This allows the user to do site planning, selection and 
maintenance.  It is also very useful for determining landuse/landcover for 
an area to determine suitability for any project. 
 
 
 
 
 
 
 
 
 
Chapter Three 
GIS key Components   
In general working with GIS integrates five key component :  
Software,  hardware, methods, people and data. 
 
3.1 GIS Softwares   
3.1.1  Introduction 
GIS Software is under continous development with respect not 
only to the specific GIS program functions but also operating systems and 
other general program tools. GIS software provides the functions and 
tools needed to store, analyze, and display geographic information. Key 
software components are tools for the input and manipulation of 
geographic information. Typical examples of GIS programs are 
highlighted in the following paragraphs: 
 
3.1.2 Arc View 
ArcView is the standard GIS software.This means that ArcView 
was the GIS software selected for a campus wide license agreement. 
ArcView is produced by the Environmental Systems Resource Institute 
(ESRI) and is robust GIS software that can manage a wide array of GIS 
data and perform a wide variety of GIS analysis. There are many levels, 
versions, and extensions included in the ArcView software package. The 
earliest available version of ArcView is ArcView 3.2a. There are several 
extensions available with site licenses for this version including Spatial 
Analyst, 3D Analyst, Image Analyst, Network Analyst, ArcPress, 
StreetMap, and ArcPad. The least ESRI product version is ArcGIS  at the 
ArcView and ArcInfo.  
 
3.1.3 Arc Info 
Arc info is a commercial software package produced by the 
Environmental Systems Research Institute (ESRI) in Redlands, 
California. It is a Geographical Information System designed to handle 
spatial data applications. Its robust qualities and its relatively easy format 
interchange abilities made it one of the most popular GIS packages in the 
world (in the past).  
 
3.1.4 Computer Aided Design (Auto Cad) 
General descriptions common to many objects are therefore often 
stored only once. One of the differences between CAD and GIS is that the 
presentaion parameters in CAD, such as type of symbol, color and scale, 
are stored together with the objects whereas in GIS these parameters are 
normally defined in connection with the presentation. 
 
3.1.5 Adobe Photoshop 
Like any image-editing program, Photoshop can be used to alter 
images like photos, downloaded icons, or scanned artwork. Altering an 
image includes doing such things as changing the colors within an image, 
modifying the size and scale of an image, or putting one picture within 
another. Alterations also include technical modifications such as 
changing the mode of image compression from one type to another, or 
changing the number of bits used per pixel. But, aside from altering 
images, Photoshop has a vast array of tools that help one create images 
from scratch.  
It is worth mentioning that Photoshop is not a classic drawing, or 
image creation, program. 
 
3.1.6  Surfer  
Surfer is a 3D contouring and surface plotting program. Surfer 
quickly and easily converts your data into outstanding contour maps and 
surface plots. With all of the options available in Surfer, you can 
customize the maps to produce exactly the presentation you want. 
Producing publication quality maps in Surfer has never been quicker and 
easier. Surfer is the most powerful, flexible and easy-to-use contouring 
and 3D surface mapping package available. Surfer easily and accurately 
transforms the XYZ data into contours, wireframe, shaded relief, image, 
post, and vector maps in minutes! 
 
3.1.7 Database 
A database management system (DBMS) is a tool that supports 
geographic query, analysis,  visualization, storge, manipulation, and a 
graphical user interface (GUI) for easy access to tools. 
 
3.1.8 Microsoft Excel 
Microsoft Excel is a very powerful tool for data entering, analysis 
and reporting. People who work in the financial industry know that one 
way or the other Excel sheets are used heavily to this day. When it comes 
to working with Excel, business users are more skilled than developers. 
Software development for a long time was gearing towards distributed 
computation and n-tier architecture. At the time when data was stored in 
Access database or flat files, manually entering data into Excel files and 
manipulating data used to be the way to do business.  
 
 
 
3.1.9 Microsoft Word 
Microsoft Word is a word processing program which is powerful 
and flexible. Word uses standard Macintosh controls for manipulating 
windows and tools for creating and editing text, objects, pictures, and 
shapes. 
 
3.1.10 Multimedia 
Multimedia has user interface comprising text, sound and image 
and is making great improvements in the GIS world. Multimedia program 
system and equipment comprise: 
a) processing storage and exchnange of data. 
b) Processing all types of data : numbers, text, garphics, images, 
animation, sound and video. 
c) Integeration of all kinds of data. 
d) Interactive use of data under machine control.        
 
3.2 GIS Hardwares 
3.2.1 Introduction 
Hardware is the computer on which a GIS operates. Today, GIS 
software runs on a wide range of hardware types, from centralized 
computer servers to desktop computers used in stand-alone or networked 
configurations. (figure 3.1). 
 
 
3.2.2 Computers 
The heart of a computer consists of  one or more integrated-circuit   
microprocessors, or central processing units (CPU) which contain the 
circuitry necessory to interpret and execute program instructions for 
processing data and controlling peripheral equipment. Reduced 
instruction set computer architecture (RISC) is a relatively new 
technological development based on high-level programming and offers a 
number of improvements compared to the traditional  (CPU). Data are 
stored in the working memory together with the operating system and the 
application program which may be entred from secondary storage  as 
needed. The working memory is completely solid-state electronic and 
therefore access to it and retrival from it are rapid. 
Randam access memory (RAM) is the common type of working 
memory and relatively expensive. Professional GIS users today normally 
use apc with 64 to 128 MB of (RAM). The number of operations per 
second is expressed in Mega-hertz. A typical opreation might be to send 
8,16,32,64- bit bytes through the processor or from the processor to 
RAM.   
 
 
3.2.3 Quantizes 
Quantizers  are devices that convert anolog data such as data on 
ordinary maps into digital data as used in GIS. The Quantizers used most 
frequently include the: 
 
a). Digitizers 
A combination of manual positioning and electronic sensing 
on a plane surface historically the first anolog-digital 
converter for GIS applications. Some digitizers are fitted 
with background illumination (as are ordinary light tables)  
an advantage in carrying out many digitizing tasks. A 
digitizing table is ideal for accurate digitization of all types 
of map information. 
 
b). Scanners 
An automatic electromechanical system that converts a 
picture into a raster of points (pixels). Scanners are classified 
into three main categories according to their basic 
mechanism and physical size:Flat-bed, drum,and contious-
feed.  
Scanning had many advantages like: (a) scanners are ideal 
for the quick and cheap production of digital background 
maps. (b) scanners have the draw back that scanning senses 
every thing on a map. (c) scanners encode maps while 
convert them to digital image in regular grid of pixel shape.    
3.2.4 Plotters and Printers 
These are one of GIS hardware output devices. They have many 
types:  
Pen plotters, Electrographic plotters, Electrostatic plotters, Thermal 
plotters, Film printers, Color raster printers, Ink – jet printers and Laser -
jet printers. 
 
 
3.2.5 Display ( Monitor ) 
The display ( Monitor ) of  the computer is the users primary visual 
communication medium in all computer work. A display consist of a 
screen and its associated electronic circuitry. The information dispalyed 
refreshed periodically regeration screen images are refreshed many times 
a second. As with TV images the display are based on raster data for 
screen presentation colors screen employ the three basic colors (red, 
green and blue) in varying intensities which reproduce a wide range of 
hues.  
     
 
3.2.6 Networks 
Information is one of the most important strategic factors 
facilitating develoment. Modern political and economic systems can not 
function without a continuos interchanage of reliable information. World 
wide the communication and distribuation of data is a large and rapidly 
growing sector. 
The term network is used here to mean data systems linked 
together by electronic lines of communication and software. There has 
been a considerable increase in the use of networks in recent years due to 
the following factors: 
a). Exchange of data between systems (users).  
b). Sharing of expensive resources (equipment).  
 
           
3.2.7 Internet 
Internet is a service based on established physyical networks such 
as these of national and international telecommunications campanies. It is 
fully available to anyone. Users connected to the internet can search for 
and retrieve information from databases throughout the world. They can 
also make their own data available to others and send electronic mail (e-
mail) and send and receive normal data files, functional data programs 
and multi-media files in the form of speech, music, images, animation 
and videos. Many organizations have adopted internet services for 
internal activities, known as internet. 
In the long term, the internet may become a (GIS trading 
exchange). A market place for the purchase and sale of geographical data. 
In addition to, simple GIS functions are currently accessible on the 
internet and it is possible to operate GIS software available on a server 
from terminals.         
 
 
3.2.8 Secondary Storage 
Secondary storge may be consist of : 
a) Hard disks with capacities from 240 MB up to several hundred 
gigabytes. 
b)  Floppy disks with a capacity of 360 KB to 1.44 MB. 
c) Magnetic tapes with a capacity of from a few hundred 
megabytes to 20 GB (tertiary storage). 
d) Optical disks: with a capacity of some hundred megabytes to 1 
or 2 GB (flash disk USB). 
e) CD-Rom (compact disk read only memory) disks with a 
capacity of 650 to 700 MB. 
 
 
3.3 Methods 
3.3.1 Introduction 
As in all organizations dealing with sophisticated technology, new 
tools can only be used effectively if they are properly integrated into the 
entire business strategy and operation. To do this properly requires not 
only the necessary investments in hardware and software, but also in the 
retraining and/or hiring of personnel to utilize the new technology in the 
proper organizational context. Failure to implement your GIS without 
regard for a proper organizational commitment will result in an 
unsuccessful system! Many of the issues concerned with organizational 
commitment are described in implementation issues and strategies. 
A successful GIS operates according to a well-designed plan and 
business rules, which are the models and operating practices unique to 
each organization. 
 
 
3.3.2  Digitizing 
Manual Digitizing still is the most common method for entering 
maps into GIS. The map to be digitized is affixed to a digitizing table, 
and a pointing device (called the digitizing cursor or mouse) is used to 
trace the features of the map. These features can be boundary lines 
between mapping units, other linear features (rivers, roads, etc.) or point 
features (sampling points, rainfall stations, etc.) The digitizing table 
electronically encodes the position of the cursor with the precision of a 
fraction of a millimeter. The most common digitizing table uses a fine 
grid of wires, embedded in the table. The vertical wires will record the Y-
coordinates, and the horizontal ones, the X-coordinates. 
The ra nge of digitized coordinates depends upon the density of the 
wires (called digitizing resolution) and the settings of the digitizing 
software. A digitizing table is normally a rectangular area in the middle, 
separated from the outer boundary of the table by a small rim. Outside of 
this so-called active area of the digitizing table, no coordinates are 
recorded. The lower left corner of the active area will have the 
coordinates x = 0 and y = 0. Therefore, one should make sure that the  
part of the map that he wants to digitize is always fixed within the active 
area. 
 
3.3.3 Scanning 
Scanning is much easier than digitizing, though not necessarily 
more precise. With a computer scanner, a user can copy or “scan” any 
image into the computer. It’s a method of obtaining vector data with the 
use of scanners. Scanning (or scan digitizing) provides a quicker means 
of data entry than manual digitizing. In scanning, a digital image of the 
map is produced by moving an electronic detector across the map surface. 
The output of a scanner is a digital raster image, consisting of a large 
number of individual cells ordered in rows and columns. For the 
Conversion to vector format, two types of raster image can be used:  
a) In the case of Chloropleth maps or thematic maps, such as 
geological maps, the individual mapping units can be separated 
by the scanner according to their different colours or grey tones. 
The resulting images will be in colours or grey tone images.  
b) In the case of scanned line maps, such as topographic maps, the 
result is a black-and-white image. Black lines are converted to a 
value of 1, and the white areas in between lines will obtain a 
value of 0 in the scanned image. These images, with only two 
possibilities (1 or 0) are also called binary images. 
The raster image is processed by a computer to improve the 
image quality and is then edited and checked by an operator. It 
is then converted into vector format by special computer 
programs, which are different for colour/grey tone images and 
binary images. Scanning works best with maps that are very 
clean, simple, relate to one feature only, and do not contain 
extraneous information, such as text or graphic symbols. For 
example, a contour map should only contain the contour line, 
without height indication, drainage network, or infrastructure. 
In most cases, such maps will not be available, and should be 
drawn especially for the purpose of scanning. Scanning and 
conversion to vector is therefore, only beneficial in large 
organizations, where a large number of complex maps are 
entered. In most cases, however, manual digitizing will be the 
only useful method for entering spatial data in vector format. 
3.3.4 Layering  
Most GIS software has a system of layers, which can be used to 
divide a large map into manageable pieces, (figure 3.2). For example, all 
roads could be on one layer and all hydrographic features on another. 
Major layers can be further classified into sub-layers, such as different 
types of roads - highways, city streets, and so on. Layer names are 
particularly important in CAD-based mapping and GIS programs, which 
have excellent tools for handling them. 
Some digital maps are layered according to the numeric feature-
classification codes found in their source data sets. For example, a major 
road might be on the 170-201 layer. However, this type of system is not 
very useful. A well-thought-out layering scheme can make any data set 
much easier to use because it allows the user to control the features with 
which you want to work. A good layering standard has layer names that are 
mnemonic (suggest their meanings) and hierarchical (have a structured 
classification scheme that makes it easy to choose general or specific 
classes). For example, a map could have its roads on a layer called RD, its 
railroads on a layer called RR, its road bridges on a layer called RD-
BRIDGE, and its railroad bridges on a layer called RR-BRIDGE. This 
scheme is mnemonic because it is easy to tell a layer's contents from its 
name, and it's hierarchical because the user can easily select all the roads, 
railroads, bridges, road bridges, or railroad bridges. 
 
 
 
 
3.3.5  Georeferencing 
Georeferencing is defined as positioning objects in either two or 
three dimentional space. There are two principal methods of 
georeferencing: 
a). Continuous georeferencing-system. 
b). Discrete georeferencing system. 
  
Before dissimilar geographical data may be used in GIS they must 
be referenced in a common system. The problems associated with 
dissimilar geographical data are hardly new: 
There are numerous gereference systems that discribe the real 
world in different ways and with varying precision.  
All GIS software packages employ georeferencing to organize 
data. Several different coordinate systems may be used to georeference 
data in GIS. The three most used coordinate systems for georeferencing 
are Latitude-longitude (Lat-long), Universal Transverse Mercatur (UTM), 
and State Plane Coordinates (SPC). 
 
 
 
3.3.6 Topology 
The topologic model is often confusing to initial users of GIS. 
Topology is a mathematical approach that allows us to structure data 
based on the principles of feature adjacency and feature connectivity. It is 
in fact the mathematical method used to define spatial relationships. 
Without a topologic data structure in a vector based GIS most data 
manipulation and analysis functions would not be practical or feasible. 
The most common topological data structure is the arc/node data model. 
This model contains two basic entities, the arc and the node. The arc is a 
series of points, joined by straight line segments, that start and end at a 
node. The node is an intersection point where two or more arcs meet. 
Nodes also occur at the end of a dangling arc, e.g. an arc that does not 
connect to another arc such as a dead end street. Isolated nodes, not 
connected to arcs represent point features. A polygon feature is 
comprised of a closed chain of arcs. 
In GIS software the topological definition is commonly stored in a 
proprietary format. However, most software offerings record the 
topological definition in three tables. These tables are analogous to 
relational tables. The three tables represent the different types of features, 
e.g. point, line, area. A fourth table containing the coordinates is also 
utilized. The node table stores information about the node and the arcs 
that are connected to it. The arc table contains topological information 
about the arcs, this includes the start and end node, and the polygon to the 
left and right that the arc is an element of. The polygon table defines the 
arcs that make up each polygon. While arc, node, and polygon 
terminology is used by most GIS vendors, some also introduce terms such 
as edges and faces to define arcs and polygons. This is merely the use of 
different words to define topological definitions. Do not be confused by 
this.  
The topological model is utilized because it effectively models the 
relationship of spatial entities. Accordingly, it is well suited for 
operations such as contiguity and connectivity analysis. Contiguity 
involves the evaluation of feature adjacency, e.g. features that touch one 
another, and proximity, e.g. features that are near one another. The 
primary advantage of the topological model is that spatial analysis can be 
done without using the coordinate data. Many operations can be done 
largely, if not entirely, by using the topological definition alone. This is a 
significant advantage over the CAD or spaghetti vector data structure that 
requires the derivation of spatial relationships from the coordinate data 
before analysis can be undertaken.  
The major disadvantage of the topological data model is its static 
nature. It can be a time consuming process to properly define the 
topology depending on the size and complexity of the data set. For 
example, 2,000 forest stand polygons will require considerably longer to 
build the topology than 2,000 municipal lot boundaries. This is due to the 
inherent complexity of the features, e.g. lots tend to be rectangular while 
forest stands are often long and sinuous. This can be a consideration 
when evaluating the topological building capabilities of GIS software. 
The static nature of the topological model also implies that every time 
some editing has occurred, e.g. forest stand boundaries are changed to 
reflect harvesting or burns, the topology must be rebuilt. The integrity of 
the topological structure and the DBMS tables containing the attribute 
data can be a concern here. This is often referred to as referential 
integrity. While topology is the mechanism to ensure integrity with 
spatial data, referential integrity is the concept of ensuring integrity for 
both linked topological data and attribute data. 
Using  Topology is  to Correct Spatial Data (input from digitizing 
or other forms of inputs) errors like: Overshoot, Undershoot and Spikes, 
(figure 3.3). 
 
 
 
Figure (3.3): Arc errors Over shoot, Under shoot and Spikes. 
 
 
 
3.3.7 Analysis    
GIS can perform analysis of georeferenced data to determine the 
quickest driving route between two ponits and help resolve conflicts in 
planning by calculating the suitablitity of land for particular uses. The 
analysis functions use the spatial and non-spatial attributes in the database 
to answer questions about the real world. Geographic analysis facilitates 
the study of real-world processes by developing and applying models. 
Such models illuminate the underlying trends in geographic data and thus 
make new information available.  
These models help us to identify trends on the data, create new 
relationships from the data, view complex relationships between data sets 
and make better decisions. The geographic analysis difficulties may 
include dealing with plenty of data, making data source compatible, 
measuring spatial relationships, inherent uncertainty due to scale and 
mathematical difficulties (Quantity vs Quality Questions and Multiple 
objectives).GIS can address some but not all of these difficulties. 
Numerous spatial analysis may then be performed including: Overly, 
Networking analysis, Contiguity analysis, Connectivity analysis, 
Database query, Proximity analysis, Digital terrain models and Statistical 
and tabular analysis. 
 
3.4 People  
3.4.1 Introduction 
GIS technology is of limited value without the people who manage 
the system and develop plans for applying it to real world problems. GIS 
users range from technical specialists who design and maintain the 
system to those who use it to help them perform their everyday work. The 
identification of GIS specialists versus end users is often critical to the 
proper implementation of GIS technology. 
 
3.4.2 users Requirement 
GIS users may be divided into four groups according to their 
functions and needs. These groups might comprise: 
a). End user, who seek problem solutions and see final products 
only in the form of maps and reports. 
b). GIS specialists, who advise and solve problems for end users. 
c). GIS operators, who understand the function of specific system 
so as to manipulate the data. 
d). Data compilers, who understand the data not the system.     
 
  
3.4.3 Users of GIS 
As users increase in number and degree of sophistication as well as 
diversity in their GIS applications.  
The following are some of end GIS users and primary users:   
a). Urban planners and cadastral agencies need detailed 
information about the distribution of land and resources in 
towns and cities. 
b). Civil engineers need to plan the routes of roads and canals and 
to estimate construction costs, including those of cutting away 
hillsides and filling in valleys. 
c). Police departments need to know the spatial distribution of 
various kinds, of crime. 
d).  Medical organizations and epidemiologists are interested in the 
distribution of sickness and disease. 
e). Commerce is interested in improving profitability through the 
optimization of the distribution of sales outlets and the 
identification of potential markets. 
f). A biologist might be interested in the impact of slash-and burn 
practices on the populations of amphibian of the involved long-
term threats to those population. 
g). A geological engineer might want to indentify the best localities 
for  constructing buildings in an area with regular earthquakes 
by looking at rock formation characteristics. 
h). A natural hazard analyst might like to identify  the high-risk  
areas of annual monsoon related flooding by looking at rainfall 
patterns and terrain characteristics. 
i). A mining engineer could be interested in determining which 
prospect copper mines are best fit for future exploration, taking 
into account parameters such as extent, depth and quality of the 
ore body, amongst others. 
j). A geoinformatics engineer hired  by a telecommunication 
company may want to determine the best sites for the  
company’s relay stations, taking into account various cost 
factors such as land prices, undulation of the terrain …ect. 
k). A forest manager might want to optimize timber production 
using data on soil and current tree stand distributions, in the 
presence of a number of operational constraints, such as the 
requirement for tree diversity. 
l). A hydrological engineer might want to study a number of water 
quality parameters of different sites in a freshwater lake to 
improve her/his understanding of the current distribuation of 
typha reed beds, and why it differs so much from that of a 
decade ago. 
3.5 GIS Data 
3.5.1 Introduction 
Perhaps the most important component of a GIS is the data. 
Geographic data and related tabular data can be collected in-house, 
compiled to custom specifications and requirements, or occasionally 
purchased from a commercial data provider. Moreover, as learned 
elsewhere, all data are not created equaly: information type, scale, 
accuracy, compatibility, and timeliness are concerns wherever data is 
analyzed. A GIS can integrate spatial data with other existing data 
resources, often stored in a corporate DBMS. The integration of spatial 
data (often proprietary to the GIS software), and tabular data stored in a 
DBMS is a key functionality afforded by GIS. 
Data used in GIS often come as different types and are stored in 
different ways. A GIS provides tools and a method for the integration of 
different data into a format to be compared and analysed. Data sources 
are mainly obtained from manual digitization and scanning of aerial 
photographs, paper maps, and existing digital data sets. Remote-sensing, 
satellite imagery and GPS are promising data input sources for GIS. 
 
 
3.5.2  GIS Data Resource  
GIS data can be obtained and collected from the fllowing resources 
a). Engineering surveying equipments like optical distance 
measurements (ODM) or electronic distance measurements 
(EDM) eguipments. 
b). Arial and terrestrial photogrammetry. 
c). Golobal position systems (GPS and RTK). 
d). Satelliate imagery. 
e). Database files. 
f). Existing maps. 
 
 
3.5.3 Base Maps 
The existence of base maps, or highly accurate topographic maps 
upon which other features can be mapped (e.g., vegetation; land use), are 
an obvious prerequisite for developing a high quality spatial database. 
Reasonably accurate topographic maps for the entire world have been 
prepared at scales of at least 1:1,000,000, but such scales are not 
appropriate for anything more than general reference. Large parts of the 
world, though, have been mapped at scales of 1:100,000 or larger but 
coverage is often spotty and more likely not current. Although 
topography changes slowly, the course of rivers, the existence and 
location of roads, rural land uses, and the size of cities can drastically 
change within a decade. 
 
3.5.4 Images 
A graphic representation or description of a scene, typically 
produced by an optical or electronic device. Common examples include 
remotely sensed data (satellite data), scanned data, and photographs. An 
image is stored as a raster dataset of binary or integer values that 
represent the intensity of reflected light, heat, or other range of values on 
the electromagnetic spectrum. 
 
3.5.5 Database Files 
A collection of data organised according to a conceptual structure 
describing the characteristics of the data and the relationships among their 
corresponding entities, supporting applications areas.  GIS database 
includes data about the position and characteristics of geographical 
features. 
 
3.5.6 Storing Data 
A Geographic Information System stores two types of data that are 
found on a map the geographic definitions of earth surface features and 
the attributes or qualities that those features possess. Not all systems use 
the same logic for achieving this. Most, however, use one of two 
fundamental map representation techniques: 
 
    a). Vector 
With vector representation, the boundaries or the course of 
the features are defined by a series of points that, when 
joined with straight lines, form the graphic representation of 
that feature. The points themselves are encoded with a pair 
of numbers giving the X and Y coordinates in systems such 
as latitude/longitude or Universal Transverse Mercator grid 
coordinates. The attributes of features are then stored with a 
traditional database management (DBMS) software program. 
For example, a vector map of property parcels might be tied 
to an attribute database of information containing the 
address, owner's name, property valuation and land use. The 
link between these two data files can be a simple identifier 
number that is given to each feature in the map. In the vector 
approach, the basic units for storing and displaying data are 
the points, lines, or polygons (areas) that create the terrain 
and objects on a map. The method represents data by 
simulating the geographical entities, much as if the points, 
lines, and shapes were being drawn on a map. Sets of 
interconnected coordinates such as lines and areas are linked 
to create objects. Thus a road or field boundary is just a set 
of lines connected together a quantity possessing both 
magnitude and direction, thus a vector. The vector format 
defines the positions of the points by using a nearly 
continuous coordinate system, (figure 3.4).  
 
 
 
Figure (3.4): Vector Data model. 
 
b).Raster 
The second major form of representation is known as raster. 
With raster systems, the graphic representation of features and 
the attributes they possess are merged into unified data files. In 
fact, they typically do not define features at all. Rather, the 
study area is subdivided into a fine mesh of grid cells in which 
the condition or attribute of the earth's surface at each cell point 
is recorded. Each cell is given a numeric value which may then 
represent either a feature identifier, a qualitative attribute code 
or a quantitative attribute value. For example, a cell could have 
the value "6" to indicate that it belongs to District 6 (a feature 
identifier), or that it is covered by soil type 6 (a qualitative 
attribute) or that it is 6 meters above sea level (a quantitative 
attribute value). Although the data we store in these grid cells 
do not necessarily refer to phenomena that can be seen in the 
environment, the data grids themselves can be thought of as 
images -- images of some aspect of the environment that can be 
made visible through the use of a raster display. In a raster 
display, such as the screen on your computer, there is also a grid 
of small cells called pixels. The term pixel is a contraction of 
picture element. Pixels can be made to vary in their color, shape 
or grey tone. To make an image, the cell values in the data grid 
are used to regulate directly the graphic appearance of their 
corresponding pixels. 
In a raster format, the space is divided into cells, usually 
squares, located by coordinates. Each cell is addressed by the 
row and column, which it occupies. In this format, data is stored 
by assigning an attribute, or numerical value, to each cell. These 
cells are the basic unit for constructing a visual display. Objects 
as roads or field boundaries are just a group of cells which all 
have the same attribute, road or boundary. 
 Data stored in Raster format are called Raster Data. Raster data 
files can commonly contain thousands of cells. One 
characteristic of displaying raster data is that lines or objects 
have a stair-stepped appearance. This is because the resolution 
of the data is limited by the cell size. Smaller cells will reduce 
the stair-stepped effect but will not eliminate it.  Because of this 
cell structure for storing data, raster maps can be created much 
faster than vector maps. Hence, this is the format created by 
most printers, (figure 3.5). 
 
 
 
Figure (3.5): Raster data model. 
 
3.5.7 Metadata  
Data about GIS data and usage aspects of it. This information will 
often include some of the following:  
a).What it is about. 
b). Where it is to be found.  
c). Who  one needs to ask to get it. 
d). How much it costs. 
e). Who can access it. 
f). In what format it is available. 
g). What is the quality of the data for a specified purpose. 
h). What spatial location does it cover and over what time period.  
i). When and where the data were collected and by whom and what 
purposes the data have been used for, by whom and what 
related data sets are available, etc. 
 
 
Chapter Four  
Geographical Information System Networking 
 
4.1 Introduction 
GIS can handle complex network problems, such as road network 
analysis. A GIS can work out travel times and the shortest path from A to 
B (figure 4.1). This facility can be built into complicated models that 
might require estimates of travel time, accessibility and impedance along 
a route system. An example is how a road network can be used to 
calculate the risks of accidents. There are, of course, other types of 
network analyses, involving stream networks. Also GIS could be used to 
model the flow of water through a river system, to plan a flood warning 
system. Flood warning monitors, such as rain gauges and river height 
alarms, which could be received and passed to a GIS system to assess the 
hazard, would transmit real time data. If the amount and intensity of rain 
exceeds a certain limit, determined by the GIS flood model for the area, a 
flood protection plan could be put into operation with computer-
generated maps demarcating the vulnerable areas at any point in time. 
Another example: When nutrients from farmland are running off into 
streams, it is important to know in which direction the streams flow and 
which streams empty into other streams. This done using a linear 
network. It allows the computer to determine how the nutrients are 
transported downstream. Additional information on water volume and 
speed throughout the spatial network can help the GIS determine how 
long it will take the nutrients to travel downstream. 
 
 
 
 
4.2 Definitions of GIS Networking 
A network is a connected set of lines, representing some geographic 
phenomena, typically of the transportation type. Network analysis can be 
done using either raster or vector data layer, but they are more commonly 
done in the latter.  
  Various classical analytical functions on a network are supported 
by GIS software packages. The most important ones are:  
 
4.2.1 Optimal Path Finding 
This function generates a least cost-path on a network between a 
pair of predefined locations using both geometric and attributes data. 
Optimal path finding techniques are used when a least-cost path between 
two nodes in a network is to be found. The two nodes are called origin 
and destination. The aim is to find a sequence of connected lines to 
traverse from origin to destination at the lowest possible cost. 
The cost function can be simple; it can be defined as the total 
length of all lines on the path. The cost function can also be more 
elaborate and take into account not only length of the lines, but also their 
capacity, maximum transmission (travel) rate and other line 
characteristics, for instance to obtain a reasonable approximation of the 
travel time. There can even be cases in which the nodes visited add to the 
cost of the path as well. These may be called turning costs, which are 
defined in a separate turning cost table for each node, indicating the cost 
of turning at the node when entering from one line and continuing on the 
other. 
 
4.2.2  Network Partitioning  
This function assigns network elements (nodes or line segments) to 
different locations using predefined criteria.    
In the network partitioning, the purpose is to assign lines and/or nodes of 
the network, in a mutually exclusive way, to a number of target locations. 
Typically the target locations play the role of service, for example 
medical treatment, education and water supply. This type of network 
known as network allocation problem. 
Another problem is trace analysis. Here one wants to determine 
that part of the network that is upstream/downstream from a given target 
location. Such problems exist in pollution tracing along river/stream 
system, but also in network failure chasing in energy distribution 
network. Network partitioning types are: 
4.2.2.1 Network Allocation 
In network allocation, we have a number of target locations that 
function as resource centers and the problem is which part of the network 
to exclusively assign to which service center. This may sound like a 
simple allocation problem in which a service center is assigned those 
lines (segments) to which it is nearest but usually the problem statement 
is more complicated.   
  
4.2.2.2 Trace Analysis 
Trace analysis is performed when we want to understand which 
part of a network is conditionally connected to a chosen node on the 
network known as trace origin. For a node or line to be conditionally 
connected, it means that a path exists from the node/line to trace origin 
and that the connecting path fulfills the conditions set. What these 
conditions are depends on the application and they may involve direction 
of the path, capacity, length, resource consumption along it etc. the 
condition typically is a logical expression for example: 
a). The path must be directed from the node/line to the trace origin. 
b). Its capacity (defined as the minimum capacity of the lines that 
constitute the path) must be above a given threshold. 
c). The path’s length must not exceed a given maximum length.                
 
4.3 GIS Networking Programs 
Many GIS Networking programs are available, and a typical example is 
the Arc View Network Analyst software which is one of the most GIS 
network programs used for networking applications. This program may 
be adopted for many applications which include: 
a). To find efficient travel routes, determine which facility or 
vehicle is closest, generate travel directions, and find a service 
area around a site.  Any system of interconnected lines can be 
analyzed by the Network Extension provided, the coverage 
also possesses an arc attribute table (AAT) with valid to and 
from node numbers.   Each linear system is considered to be a 
network. 
b). It enables users to solve a variety of problems using geographic 
networks (i.e., streets, highways, rivers, pipelines, electric lines, 
etc.) such as finding the most efficient travel route, generating 
travel directions, finding the closest facility, or defining service 
areas based on travel time. 
c). Adds an integrated graphical user interface providing access to 
the network modeling capabilities including find the most direct 
path between two points (what's the most direct way from my 
current location to the nearest library and can it provide 
directions?). 
d). Find the optimum route between many points (what’s the 
optimum route for my sales calls and can I get directions?). 
e). Find the closest facility (which ATM is closest to my hotel and 
how do I get there?). 
f). Drive time analysis (what are the three-minute, five-minute, and 
10-minute drive zones around a potential fast food restaurant 
location and how many customers are within those zones?). 
 g). Do as point-to-point routing (known as mid-arc routing, as 
opposed to endpoint-to-endpoint routing) and can reference 
local landmarks when reporting route directions. 
 Arc View Network Analyst also includes a set of more advanced 
network analysis tools that can be accessed through Avenue requests. 
Developers will be able to deliver very sophisticated network analysis 
applications based on these extended capabilities. The followings are 
some technical points about Arc View Network analyst: 
 a). Any network analysis extension use algorithmic method. While 
Arc View Network Analyst extension uses Dijkstra's 
algorithm.                                                                                     
b). When applying Arc View Network Analyst, you have to 
define distance units to get accurate route length. 
c). Scripts could be written to make tools using Arc view Avenue 
program. These tools help in route selection. 
d). Network analyst calculates routes in the source data units of the 
network theme, using the length of each line segment as the 
travel cost (as default).        
e). In default when data is un-projected, network analyst solves 
problems using decimal degree but report the result in miles. 
f). network analyst can help you navigate an unfamiliar route by 
providing detailed instructions on which way to turn on to 
what street, how far to travel along the street and what land-
marks to watch out for.    
 
4.4 GIS Networking Structures 
 A GIS network consists of nodes and arcs. Since nodes are called 
“junctions” and arcs are called “links” when working with shapefiles, 
these terms can be used interchangeably. Nodes and arcs represent city 
blocks and intersections. In GIS terms, nodes are point features, and arcs 
are line features, and both have feature attribute tables. It is important to 
remember that a set of intersecting line features only becomes recognized 
as a network by GIS software after topology has been built for that set of 
lines. Once the topology has been defined, the fields from junction to 
junction can be appended to the arc attribute table. Within Arc View, the 
Network Analyst extension is responsible for carrying out all network 
functions, including building topology and performing analyses such as 
find best route. Building topology for the shapefile of a study area’s road 
network  could produce  the following results:                                                           
4.4.1Turns                                                                                                      
 Turns are another important concept in network analysis. Turns are 
not physical features, and they are not represented as a feature in Arc 
View. Turns exist as records in a Turntable, which is a special table 
recognized by Network Analyst. Each record in a Turntable has the 
following fields: Node, FromArc, ToArc, Angle and Azimuth. (Angle is 
the angle of the turn, left turns being positive and right turns negative; 
azimuth is the bearing of the direction of travel on the From Arc; both 
Angle and Azimuth are added automatically when a Turntable is 
generated). A unique record can exist for all possible turns on a network, 
including U-Turns and going straight at a node. This means that a 
maximum of n times n turns is possible at each node, where n is the total 
number of intersecting links at that node. 
4.4.2 Costs 
Each arc and each turn in a network can be assigned a “cost”. 
Costs can represent any quantitative factor, such as distance, slope, time, 
or fuel used. Each link can have 2 different costs, representing travel in 
either direction on that link. This is important because downhill travel 
times may be different from uphill travel times. Given a network with 
costs defined for all of the links and turns, Network Analyst can calculate 
the cost of any user-defined route on that network. It can also find the 
least-cost route between defined start and end points. The total cost of a 
route is calculated simply by summing the costs of each arc and each turn 
along that route. Calculating travel times (distances, fuel … etc) for each 
link and turn on the street network represents a large portion of the work 
needed to calculate the cost. We can incorporate the following factors in 
the arc and turn cost estimations: Topography, road type, traffic signals 
and stop signs. In order to account for these factors, street type, slope, 
and length values have to be determined for each link and added to the 
link attribute table. Also, stoplight locations and types have to be entered 
in a table. When dealing with a network problem the following points 
should be born in mind:  
a). In problem definition, cost differs according to the order of 
stops. 
b). Cost that appears at problem definition differs from that which 
appears at route attribute table. 
c). When travel cost is converted to decimal degree, some 
difference is found according to the location of the study area 
on the earth, this difference is found because latitudes and 
longitudes are not equal and even latitudes themselves differ 
according to their distance from the equator (length of a latitude 
circle is shorter when we move from equator to the pole). To 
avoid the above mentioned difference we have to convert travel 
cost to constant units (meters, miles) and save the results in the 
network theme attribute table.                                             
d). In network problem the cost could be a distance or time. 
4.4.3 Stops  
The Network Analyst requires data about the stops locations on the 
route. Stops are actually part of the network data model but because the 
Network Analyst uses them to solve problems we need to known their 
origins and relationships. Stops are locations that you want the Network 
Analyst to visit when creating a route. Stops can be in a spatial format, 
such as an Arc View GIS point shapefile or an Arc Info point coverage, 
or in a non-spatial format such as a table of coordinates or addresses. 
Examples of stops could be customer addresses, accident locations, or 
fires. If  stops are in a tabular format they can be added to a view as 
coordinate event themes or address geocoded themes. These themes can 
be displayed and queried the same as any other feature theme. In 
addition, these themes can easily be converted to shape files whenever 
desired. Some technical points when dealing with stops are: 
a). Optimum route selection for multiple layers of spatial data is 
made according to the order of stops in allocation theme.                                       
b). Stops are added to problem definition by using one of two 
tools: Using locate address tool (if only some addresses are 
known) or Using add location tool (when adding stops 
randomly to problem definition). Provided that they are 
superimposed on the network theme. 
c). There will be green flags for all stops of location theme. 
d). If a stop isn't placed within a certain distance from the nearest 
line feature (1/100th of the horizontal or vertical whichever is 
greater), it will be marked with a red graphic flag and will be 
ignored when solving the network problem. 
   
4.4.4 Route  
Route is a linear feature, based on an arc theme and is defined as 
an ordered set of sections. Because sections represent the portion of an 
arc used in a route, routes do not have to begin or end at nodes; they 
begin and end at stops.        
 
4.4.5 Network Theme  
Network analyst uses network theme to solve network problems, 
the network theme has the following characteristics:   
a). Network theme should be a linear theme where routes can be 
found superimposed on it. 
b). When the network theme unit is set to un-constant unit like 
decimal degree (it seems to be un-projected) all network 
theme's features are less reliable and the created routes on it 
may be different  
c). By adding a one way field in a network theme attribute table. 
Traffic restriction in the street could be shown. 
 
4.4.6 Location Theme 
Location theme is a point theme containing route's stops. A field 
containing a land mark could be added to location attribute table theme, 
to help in pursuing or following the feature by which the route passes. 
New fields such as suffix, prefix or types could be added to location 
attribute table. And each of these fields could be mentioned in network 
definition property so as to describe route more accurately.                                    
 
4.5 Usages of GIS Networking                                                                          
GIS Network Analysis techniques application can be used to find 
the best path to reach many locations, the closest facility to a location, the 
service area around   a site etc. For example Arc View network analyst 
can do the following functions: 
a). Solve different routing problems. 
b). Display customized directions. 
c). Find the closest facility. 
d). Find the distances to all facilities. 
e). Find locations that are accessible to a facility using service 
areas and networks. 
f). Create multiple nested or overlapping service areas. 
 
The Network Analyst can find the path that will reach specified 
locations in the most efficient order. The path can be the shortest path or 
the fastest path. Network Analyst can also be used to get the options to 
return to the point of origin when defining a path.                                                               
The Network Analyst can provide the directions for navigating a route. 
The directions can be customized to include different units, such as time 
or distance, or landmarks that can help in finding the way while 
navigating a path. Network Analyst can also be used to find which 
locations or areas are accessible to a specific site and to show which lines 
or portions of lines that can be accessed within a specific time limit or 
distance; or the area that can be reached using the same criteria. This 
information can be used for example to find which clients the site can 
service. Service areas can be defined as generalized polygons that can 
include portions of the study area that are not directly accessible by the 
streets in service network. Or, the service area can be defined to include 
only the areas that can be reached by the service network.                           
Service areas can be nested or even overlapping. This information can be 
used to determine the quality of service to clients or if some other clients 
are being serviced by more than one site.                                                                         
Many real world problems can be solved by integrating different 
Network Analyst tools. The network analyst can be used to find 
accessible bus stops and the bus routes they service. 
 
4.6 GIS Networking Analysis 
4.6.1 Network Data Model 
  Success in solving real-world problems depends on how well a 
network simulates the real world. To model real situations as accurately 
as possible, the network data model and its components need to be 
understood. For example, did you know that goods and services can 
travel in two different directions along a line and that can you use this 
information to predict or control the flow of them? What happens when 
two lines intersect, and how does the software decide what to do when it 
encounters an intersection? Understanding the network data model is 
needed to answer these questions. 
  
4.6.2 What is a Network Problem 
The problem definition includes information describing the route 
analysis.  The properties button in the dialog box is used to define the 
extent of the line theme with regards to its cost field, cost units, working 
units, and margin of error.  The cost field contains values representing the 
cost of travel along a particular route.  The cost can be a function of time, 
length or slope.  The cost units refer to the cost field chosen and the 
working units refer to the units of the line theme.  In this Routing Project, 
the cost field chosen was line length; the cost units were in decimal 
degrees; the working units were in miles; and the data was carried to 
values of two decimal places. 
The running of a problem definition will result in a new line theme 
added to the view, as well as the generation of a direction file.  To run a 
route, once the stop locations and properties of the line theme have been 
entered, click on the Solve Button found in the problem definition dialog 
box. The distances between the stops will be added to the problem 
definition dialog box in the miles column.  If a route was desired between 
a particular group of stops and the order of the stop locations was 
unknown, the Find Best Order option could be checked in the dialog box 
and the stops would be rearranged for the optimal route.  Another form of 
route manipulation occurs by specifying that the route must return to the 
place of origin.  This is done by checking the second box in the problem 
definition dialog box and then clicking on the Solve Button.  
 
4.6.3 Solving Network Problems 
GIS program solves problems with Network Analyst. There are many 
different types of networks and many different types of problems that 
need to be solved. 
The following section will briefly introduce the concepts of finding 
the best path, finding the nearest facility, and defining a simple service 
area, (figure 4.2).  
  Figure (4.2),  Arc View Network commands.  
 
4.6.3.1 Finding the Best Route                                                                                               
A path between two locations is called a route. "Finding the best 
route" can be interpreted in different ways. For example, does the best 
route mean the shortest path between two locations, or the fastest path 
between them? Do you want the fastest route at 9:00 AM or the fastest 
route at 4:00 PM? 
The attribute used to define a route is called the cost attribute, or 
just cost, and could represent any unit. Any numeric attribute in the 
theme's attribute table or in a table that is related to the theme attribute 
table can be used as the cost. 
A route can visit several locations, called stops, between its origin 
and destination. In addition to finding the shortest or fastest route 
between stops, the Network Analyst can also find the most efficient order 
in which to visit them. For example, you could find the most efficient 
package delivery route for an express mail service. The route would visit 
all the stops in the shortest possible time. Along with a visual display of 
the route, the Network Analyst provides a set of useful directions that tell 
you how to navigate it. The procedure of solving the problem of finding 
the best route is as follows: 
a). Route is defined according to the order of stops between origin 
and destination. 
b).Route selection can be studied in many experimented themes 
according to the logical order of stops. And the optimum one is 
found in Excel program according to predefined criteria. 
c). There is two ways to solve a network problem:                           
Find best order (to find the shortest route between two defined 
stops) or return to origin (to find shortest routes To and From 
the origin and destination). 
d). While route is navigating from origin to destination and back 
again to origin, it can cross it self. To avoid this, both ways 
mentioned in (c) are used to reorder the route stops. 
e). Route attribute table, contain only the following fields:                           
shape, path-id, F-label, T-label, F-cost and T-cost. And records 
by the number of the stops.  
f). Route can be even easier to follow by using a line symbol such 
as an arrow.  
      
4.6.3.2 Finding the Closest Facility 
A facility is anything, or any place, that provides services or 
products. Examples of facilities might be a fire station, a warehouse, or a 
service station. When you find the closest facility, you find the closest 
facility to a specific location known as event. 
Finding the closest facility is very similar to finding the best route. 
The Network Analyst computes the best route (i.e., shortest or fastest 
path) to each facility, and then chooses the facility with the best route.                           
Another example, you want to find the nearest service station with a two 
truck (the facility) to the location of a stranded motorist (the event). In 
most cases, you also want to know how to get to the service station, or, if 
you’re the two truck driver, how to get to the stranded motorist. The 
Network Analyst provides you with a graphic display of the route as well 
as directions for navigating the route. Also the Network Analyst uses 
(F.C.F) function or cutoff distance cost, to find the nearest service centre 
to a customer or the reverse. 
  4.6.3.3 Defining Service Areas 
A service network is a set of all the line segments in a network that 
lie within a specific distance or drive-time of a chosen point on the 
network. The distance or drive-time is determined a long a network's 
paths.   
A service area is a polygon drown a round the service network. 
Because it is easier to look at a bounding polygon than a dense of 
network lines, service area make it easier to see what's within the given 
drive-time or distance of the chosen location. To find the different 
regions of a service area, different values can be assigned to network 
cost.  
A service area measures a site’s accessibility by defining a region 
that includes all the lines within the network that are accessible to a 
specific site. For example  a service area might be the area around a pizza 
parlor that can be reached within a specific time. Because the Network 
Analyst represents each service area as a polygon, you can use Arc 
View's spatial analysis tools to find which customers, and how many 
customers, are in a service area. You can even determine which service 
areas overlap and find the customers who are serviced by more than one 
pizza parlor.                                                                          
Other examples, are one-way street, construction work, or even the 
time of day which can increase the travel time to or from a facility. You 
can specify whether the direction of travel is from the surrounding region 
to the site (e.g., customers traveling to the pizza parlor) or from the site to 
the surrounding region (e.g., the pizza delivery vehicle traveling to 
homes or businesses). Accounting for these conditions, real world 
conditions can be modeled more accurately.  
Chapter Five 
Errors in GIS and Data Quality  
 
5.1 Introduction 
When applied to spatial data error generally concerns with 
mistakes or variation in the measurement of position and elevation in the 
measurement of quantitative attributes and in the labeling or classification 
of features. Some degree of error is present in every spatial data set. 
In the context of the GIS, it is also useful to distinguish between 
errors in the source data and processing errors resulting from spatial 
analysis and modeling operations carried out by the system on the base 
data. The nature of positional errors that can arise during digital data 
collection and compilation, including those occurring during digital data 
capture, are generally well understood. Also errors may arise during 
acquisition, transformation and visualization because of generalization. 
Generalization, the process of deciding which detail is included and 
which is not, may occur in graphical representations constructed using a 
GIS.  
The International Standards Organization (ISO) considers quality 
to be the totality of characteristics of a product that bear on its ability to 
satisfy a stated and implied need.  
A variety of tried and tested techniques are available to describe 
and evaluate these aspects of quality which include attribute accuracy, 
temporal accuracy, precision, logical consistency or completeness, and 
lineage. Attribute inaccuracies may cause, for example, a street to be 
flagged as a utility line. Temporal accuracy refers to the fact that nature 
itself changes over time, and so a value may change over time. Precision 
is the exactness with which a classification or measurement is made. 
Logical consistency or completeness is the fidelity of relationships 
between points, lines, and areas. Lineage is related to the data when the 
data were collected, and what kinds of processing they were subjected to. 
 
 
5.2 Sources of Errors 
Now that we know a few terminologies to describe the flaws in 
digital data, a good step, is to make an all around effort to provide a 
quality GIS. Awareness of the sources of problems comes next. Spatial 
and attribute errors can occur at any stage in a GIS project, may be during 
the definition of spatial entities, representations of these in computer or 
from the analysis of data. These may occur in source data, conversion of 
data in digital format, data manipulation and processing or during 
presentation. Let us make a quick scanning as where these flaws are 
occurring:   
 
 
5.2.1 Instrument Inaccuracies 
Instrumental errors (e.g. due to misadjustment): 
a). Satellite Imagery. 
b). Air photos.  
c). GPS coordinates. 
d). Surveying spatial data. 
 
 
5.2.2 Human Errors 
Human errors in the measurement: 
a). Interpretation (e.g. photos), spatial and attribute.                                                    
b). Effects of scale change and generalization.                                                            
c). Effects of classification (nominal/ ordinal/ interval).  
 
 
5.2.3 Inherent Errors 
The Inherent Errors are source errors in geographic data that occur 
because of differences between the data model and the geographical truth. 
These errors are limited by instruments and techniques, and could be 
gross, systematic, or random. It is important, however, to make a 
distinction between them, detect and remove them before using GIS data. 
a). Systematic errors are those that arise due to problems with the 
instruments that are used to collect data. They can be corrected 
if one can understand how each measurement is affected. 
b). Gross errors are those that are simply blunders made by people 
measuring or creating data. Perhaps they are simply tree species 
recorded incorrectly, diameters or heights measured incorrectly, 
or polygons digitized incorrectly (or forgotten). They cannot be 
corrected without searching databases for features or values that 
are inappropriate.  
c). Random errors exist in almost any database. Hopefully the 
random errors are distributed normally (in a statistical sense), so 
that one might estimate the variation in the error (if true 
measurements are known). Normally, we assume that random 
errors tend to cancel each other out.  
 
 
5.2.4 Operational Errors 
Processing errors that occur mostly during the operation of the 
procedures for collecting, managing and using geographic data. Could be 
gross, systematic, or random. 
 
5.2.5 Attribute Error  
Attribute errors are differences in the tabular characteristics that 
describe real world objects. Codes can be confused, especially if the 
coding system is complex. Data can be overlooked for some points. 
Incorrect values can be entered and attached to the wrong entities. Text 
can be miss-spelled. In all cases, they are pretty nearly all gross errors are 
need to be checked, and also need procedures to be set up to minimize 
errors on data entry.  
 
5.2.6 Errors in Data Manipulation 
a). Raster to vector conversion. 
b). Vector to raster conversion. 
c). Generalization and thinning. 
d). Combining classes, inappropriate class intervals. 
e). Errors as multiple overlays are combined. 
f). Sliver problems and corrections. 
g). Interpolation errors (contours, elevations, etc.). 
h). Errors in the analysis of remote sensed data. 
i). Map projection procedures. 
 
5.2.7 Errors introduced in Data Presentation 
a). Scaling inaccuracies. 
b). Inaccuracy of the output device. 
c). Instability of the medium. 
 
5.3 Types of Errors 
5.3.1 Positional Errors  
The closeness of positional data (usually coordinates) in the 
geographic database to the true positions of the real world features that 
they represent. The expected deviance in the geographic location of a 
feature in the data set from its true location is tested by selecting a 
random sample of points in the data and comparing their coordinates to 
their ground positions.  
 
5.3.2 Descriptive Data Errors 
The closeness of descriptive data in the geographic database to the 
true (or assumed) value of the real world features that they represent. 
Inaccuracies may result from mistakes of many kinds: 
a). During the field collection of data. 
b). During the editing of the field data. 
c). During the assimilation of data into the GIS database by the 
information systems analysts.  
 
5.3.3 Computational Errors 
Computational error may occur when the topology of the new GIS 
database is developed. In some cases, minor errors in digitizing may lead 
to slivers or spurious polygons in the resulting GIS database. In addition, 
if attribute error were allowed into the GIS database, any computation 
performed on the erroneous data may contain computational error. 
 
5.3.4 Logical Consistency 
A description of the fidelity of the relationships between the real 
world and the encoded geographic data, the use of topological model 
provides a convenient means for automated testing of logical consistency 
(in vector GIS).  Logical consistency   includes the following elements: 
a). Consistency of data model to the real world. 
b). Consistency of positional and attribute data to the real world. 
c).  Consistency within the data model. 
d). Consistency within the system. 
e). Consistency between different parts of a data set. 
f). Consistency between data files. 
 
5.3.5 Temporal Accuracy 
The temporal accuracy refers to a measure of the data quality with 
respect to representation of time in geographic databases; also refers to 
how up-to-date are the data (the difference between the time when the 
data are entered into the database and the time when the data are used); 
this also depends on the occurrence rate: how quickly an event occurs. 
 
5.3.6 Semantic Accuracy 
The thematic accuracy refers to how correctly spatial objects are 
labeled or named related to: 
a). Measure of precision of categorical data: no. Of classes used.  
b). The attribute accuracy of data: correctness of identification. 
 
 
 
 
5.4 Error Modeling Equation 
A number of factors can cause error. These sources can have 
cumulative effect. To minimize error effects the error should be 
calculated for each and every data layer so adjustments can be made. 
Unfortunately this is not often done. Various error modeling equations 
can be used to estimate error over a given area, it can be written as:  
E = f(F) + f(L) + f(C) + f(D) + f(A) + f(M) + f(P) + f(RMS) + f(MP) + U  
Where F: flattening the round Earth onto a two dimensional surface 
(transformation from spherical to planar geometry), L: accurately 
measuring location on Earth (correct project and datum information), C: 
cartographic interpretation (correct interpretation of features), D: drafting 
error (accuracy in tracing of features and width of drafting pen), A: 
analog to digital conversion (digitizing board calibration), M: media 
stability (warping and stretching, folding. wrinkling of map), P: digitizing 
processor error (accuracy of cursor placement), RMS: Root Mean Square 
(registration accuracy of ties), MP: machine precision (coordinate 
rounding by computer in storing and transforming) and U: additional 
unexplained source error.  
 
5.5 Processing Errors 
5.5.1 Data Collection 
a). Age of data: 
Data sources may be simply too old to be useful or relevant 
to current GIS projects. Past collection standards may be 
unknown, non-existent, or not currently acceptable. 
Additionally, much of the information base may have 
subsequently changed through erosion, deposition, and other 
geomorphic processes. Despite the power of GIS, reliance on 
old data may unknowingly skew, bias, or negate results. 
b). Incomplete data coverage. 
c). Inappropriate map scales. 
d). Use of "surrogate" data in place of non-existent 
primary data. 
e). Errors in field data collection. 
f). Errors in existing maps used as source data. 
g). Errors in the analysis of remotely sensed imagery.  
 
5.5.2 Data Input and Editing  
Processing errors occur during other phases of data 
manipulation such as digitizing and geocoding, overlay and 
boundary intersections, and errors from rasterizing a vector map. 
Physiological errors of the operator by involuntary muscle 
contractions may result in spikes, switchbacks, polygonal knots 
and loops. Errors associated with damaged source maps; 
operator error while digitizing and bias can be checked by 
comparing original maps with digitized versions. Other errors 
are more elusive. 
 
5.5.3 Data Storage     
a). Numerical precision, number of decimal places in x, y for 
spatial data, number of bits for attribute.  
b). Inappropriate data format. 
c). Insufficient numerical precision. 
d). Insufficient spatial resolution. 
 
5.5.4   Data Manipulation 
a). Interpolation of point data into lines and surfaces e.g. TIN and 
contours. 
b). Overlay of layers, digitized separately, e.g. soils and vegetation. 
It's likely they have common borders, but slight differences 
cause 'slivers'.  
c). Numerical computation errors.  
d). Inappropriate class intervals.  
e). Boundary errors.   
f). Error propagations as multiple overlays are combined.  
  
5.5.5 Data Output  
a). Scale changes, color palettes: intended colors don't match from 
screen to print.  
b). Output device inaccuracies.  
c). Instability of the output medium. 
 
 
5.5.6 Use of Results  
a). The information may be incorrectly understood.                                               
b). The information may be inappropriately used. 
 
5.6  GIS Data Accuracy and Precision 
5.6.1 Accuracy 
Many factors besides resolution influence how accurately features 
can be depicted including the quality of source data, the map scale, your 
drafting skill and the width of lines drawn on the ground. In addition to 
this, human drafting errors will occur and can be compounded by the 
quality of your source maps and materials. Some measurements of a 
map's accuracy are discussed below: 
 
 
 
5.6.1.1 Absolute Accuracy  
Absolute accuracy of a map refers to the relationship between a 
geographic position on a map and its real-world position measured on the 
surface of the earth.  
 
5.6.1.2 Relative Accuracy  
Relative accuracy refers to the displacement between two points on 
a map (both distance and angle), compared to the displacement of those 
same points in the real world. Relative accuracy is often more important 
and easier to obtain than absolute accuracy because users rarely need to 
know absolute positions. 
  
5.6.1.3 Attributes Accuracy  
Attributes accuracy relates to the accuracy of the information 
linked to the spatial data units, whether they are points, lines, polygons or 
pixels. Are the polygons or pixels assigned to the proper class? Is the line 
segment tagged with the correct street information?  
 
5.6.1.4 Map Currency   
A map's Currency refers to how up-to-date it is. Currency is 
usually expressed in terms of a revision date, but this information is not 
always easy to find.  
Even though no maps are entirely accurate, they are still useful for 
decision-making and analysis. However, it is important to consider map 
accuracy to ensure that your data is not used inappropriately. Also: 
a). The degree to which data agree with the true values or 
descriptions of the real world features that they represent. 
b). Accuracy is perhaps more important in GIS, due to the 
compounding effects of processing and analysis of multiple 
layers. 
c). The degree to which information on a map or in a digital 
database matches true or accepted values  
d). The level of accuracy required for particular applications varies 
greatly. 
e). Highly accurate data can be very difficult and costly to produce 
and compile. 
f). Pertains to the quality of data and the number of errors 
contained in a dataset or map including:  1). Horizontal and 
vertical accuracy with respect to geographic position. 2). 
Attribute, conceptual, and logical accuracy. 
 
 
5.6.2 Precision 
  Precision refers to the level of measurement and exactness of 
description in a GIS database. Precise locational data may measure 
position to a fraction of a unit. Precise attribute information may specify 
the characteristics of features in great detail. It is important to realize, 
however, that precise data no matter how carefully measured may be 
inaccurate. Surveyors may make mistakes or data may be entered into the 
database incorrectly. Engineering projects such as road and utility 
construction require very precise information measured to the millimeter 
or tenth of an inch. The level of precision required for particular 
applications varies greatly: 
a). Precision Refers to the level of measurement and exactness of 
description in a GIS database. 
b). Precise locational data may measure position to a fraction of a 
unit.              
c). Precise attribute information may specify the characteristics of 
features in great detail. 
d). Highly precise data can also be very difficult and costly to 
collect.                 
e). High precision does not indicate high accuracy nor does high 
accuracy imply high precision. 
f). Highly accurate and highly precise spatial information is not 
necessary for every GIS application. 
g). Excessive accuracy and precision is not only costly but can 
swamp your application in extraneous detail.  
h). Be aware also that GIS practitioners are not always consistent 
in their use of these terms: 1). Data Quality, refers to the 
relative accuracy and precision of a particular GIS database 
often documented in data quality reports. 2). Error encompasses 
both the imprecision of data and its inaccuracies.  
i). In statistics, measure of the dispersion of observations about a 
mean  value. 
j). In mathematics, the number of significant digits (i.e. decimal 
places) used to record and store the data. 
k). For digital representation, the number of bits used for data in 
the computer.  
 
5.7 GIS Data Quality 
All information used in a GIS can be characterized in terms of its 
quality, uncertainty, or accuracy. Quality is the distinguishing 
characteristic necessary for cartographic data to be suitable for use. There 
were some questions that need to be answered, to define the project data 
quality: 
a). What is the data for? 
b). What type of data? 
c). Which are the sources of the data? 
d). How accurate is the data? 
e). Where and when do data refer to? 
f). What is the minimal unit of spatial and alphanumeric data? 
g). Will the data be interchanged with other systems? 
h). Which is the scope of the project? 
i). What are the costs/benefits? 
j). Will the data also be used in other applications? 
 
 
 
 
Chapter Six 
Methodology 
 
6.1 Data 
6.1.1 Introduction 
The Real world data must be captured and converted to digital 
format in order to be analyzed and manipulated by a GIS. Various 
methods of data capture exist and fall into two categories: Primary data is 
captured and directly input into the system e.g. via remote sensing or 
GPS. And secondary data comes from an intermediate source, e.g. paper 
maps or photos. In this case the data is input via digitizers or scanners.  
The functionality of GIS relies on the quality of data available; 
although GIS's are being used widely, effective and efficient means of 
data collection have yet to be systematically established. The true value 
of GIS can only be realized if the proper tools to collect spatial data and 
integrate them with attribute data are used. 
 
 6.1.2 Data Capturing  
The study was made at two different areas. AD Damazin area at 
Gazera state between latitude 11.50˚ to 12.0˚ and longitude 34.0˚ to 
34.50˚ (figure 6.1). To select routes for a road, a railway and a pipeline. 
The data sources were 1:100,000 scale topographic map and demographic 
map (1993 census). The other study area was at El Multaga agricultural 
scheme at Nile state, to chose an irrigation canal route. The data source 
was 1:100,000 scale topographic map (in spot heights form). The data 
was processed by: 
Scanner A0 tablet to scan and input topographic map to the computer, 
Excel program was used to create a database from a demographic map, 
Photoshop program was used to enhance data images, to cutoff unused 
margins and to rotate it into the required axes so as to be layered, and 
Auto Cad program to make data layers from the scanned maps. The 
following layers were made: 
i. A point layer to show distribution of inhabitants in the area. 
ii. A point layer showing summits of mountains in the area. 
iii. A linear layer showing contours of the area.             
iv. A linear layer representing the railways. 
v. A linear layer to represent kinds of roads in the area (paved- 
permanent- seasonal). 
vi. A polygon layer showing distribution of agricultural schemes in the 
area. 
vii A polygon layer showing the general topography of the study area 
and closed contours near the top of hills. 
 
6.1.3 Data Georeferencing 
All spatial data in the project was georeferenced. Georeferencing 
refers to the location of a layer or coverage in space as defined by a 
known coordinate referencing system. With raster images, a common 
form of Georeferencing is to indicate the reference system (e.g., latitude, 
longitude), the reference units (e.g., degrees) and the coordinate positions 
of the left, right, top and bottom edges of the image. These are commonly 
referred to as the bounding rectangle of the coverage (A rectangle that 
defines the limits of the mapped area).  
The data layers were converted to tic type using Arc Info program so as 
to make georeferencing with Arc Info program, using the Transform 
command. The actual coordinates of some points in UTM projection 
(table 6.1) are matched with their corresponding corners,  
 
Latitude 
º    '    " 
Longitude 
º    '    " 
Easting 
M 
Northing 
M 
11 30 00 34 00 00 609062.882 1271340.897 
11 30 00 34 30 00 663603.946 1271578.545 
12 00 00 34 00 00 608866.345 1326631.992 
12 00 00 34 30 00 663309.051 1326879.356 
Table (6.1): The georeferencing control data. 
  
6.1.4 Data Preparing 
The topological models are made for each data layer's file. Where 
the "build" command is used for points and linear layer's files, while in 
polygon layer's files "clean" command is used to show the dangle node 
errors (undershoot, overshoot or Spikes) in Arc Edit program (marked 
with a red square). While the data editing is done in Auto Cad program 
using "Extend" tool for undershoot nodes, "trim" tool for overshoot nodes 
and "erase" tool for spike arcs. The build command was used to classify 
the polygon features of edited data. After topology was done all data 
layer's files are converted to shape type and exported to Arc View 
program. The spot heights (X,Y,Z) are input to Surfer worksheet so as to 
be drawn in plot sheet using minimum curvature griding method, with 
0.25 meters contour interval. Where the following data layers are made:  
(i) Contours map which is export as shape type to Arc View 
program.    
(ii) Vector map which is export to Auto Cad program as DXF 
type (to regulate its scale) then it is exported to Arc View 
program. 
(iii) Grid of lines which is exported to Arc View program as DXF 
type.  
(iv) Spot heights data file which is exported directly to Arc View 
program as ASCII-data (text data type) to be added as a point 
theme using add-event-theme command.     
 
6.1.5 Data Editing 
The non-spatial data (databases) were edited using either Excel 
program and joined to its attribute table using related field, or fitted 
directly to their attribute tables in Arc View program. 
New two themes are added, one is grid and the other is a point 
theme drawn at each grid cross-section. Those themes are necessary for 
network analysis route selection. 
The program was used to set all data files (layers) into a new view, 
where point themes are found at the top, line themes in the middle and 
polygon themes at the bottom. These layers represent all natural and man-
made features. 
 
6.2 Routing  
The goal of this Project was to incorporate the use of Geographical 
Information Systems in an Elementary Routing Analysis. The objective 
of the project was to find a best route for linear man made features, such 
as irrigation canals, roads, railways and pipelines. This best route is 
characterized by optimum combination of the distances traveled and 
slopes.  Through the use of Arc View, more visual representation of the 
results was created. The softwares used in the execution of the project 
include Arc View GIS (Version 3.2.a), Auto Cad, Arc Info, Excel, 
Photoshop, ILWIS and Surfer.   
In this Routing project, the network theme used in the analysis was 
the grid shape file (Which is not a real world theme but it is imaginary 
controlled theme) and the location theme is a point theme (the theme 
contain route's stops).  
The Network Analyst requires data about the stop locations on the 
route. These stops can be added to the network problem definition in one 
of three main methods.  First, a point shape file can be added from a 
location theme to the network by loading it directly into the problem 
definition of the network.  Another means of adding stops is using the 
Add Location Tool and manually clicking on the network image to select 
a stop location.  The third method of stops addition is using the Add Stop 
by Address button where their addresses can be typed into the problem 
definition. 
 
6.2.1 Parameters of selecting A route   
Certain conditions have to be met for selecting every linear 
feature's route. Typical examples may include the following: 
a) Parameters of selecting a main canal route are as follows  
The route should begin at  pump off take, pass through ridge 
area with a minimum slope of 0.5% (minimum slope value 
needed for flow) and end at the drainage area, this decreases 
the need for booster pumps half way. The shortest possible 
route should pass at the middle of the area to be irrigated, so 
as to maximize the irrigated area by ultilizing gravity and 
irrigating areas at both sides. A clay land is chosen for the 
route so as to minimize the water absorbed and the cost of 
building the canal. 
The route's cross-section should allow a suitable flow 
velocity according to Manning equation: 
V= (1/n)*R2/3 *S1/2 
                             R= A/P 
Where V: flow velocity, R: hydraulic radius, n: Manning's 
roughness coefficient, A: area, p: circumference and  S: the 
gradient in total head) i.e not so high a velocity (V>=1.5 
m/s) which can cause  erosion or so low a velocity (V<=0.6 
m/s) which can cause sedimentation.  
 
Sub-canals have their own parameters which do not 
differ much from those of main canals. Sub-canals are two 
types secondary and branch. Secondary canals should begin 
at a main canal, follow contour lines and end at dry valley so 
as to dispose of excess water containing fertilizers. A branch 
canal should begin at secondary canal and pass 
prependicular to the contour lines towards the irrigated area.   
b) Parameters for selecting a road route 
A high way should pass through existing and suggested 
residential area's (villages, cities, etc) with the shortest path. 
It should intersect with minimum number of water features, 
railways and other linear features. The route should pass 
through smooth area i.e avoiding steep slopes so as to 
decrease the need for cutting and filling. The road should 
avoid clay fault land to decrease maintenance cost. The route 
should avoid private lands and go through production sites 
(industrial and agricultural).  
c) Parameters for selecting a railway route 
The path should avoid cities and pass through areas of 
minimum slopes for long distance. It should also visit 
production sites (industrial, agricultural, mining and wood 
saws). The path should have minimal intersections with 
roads, water features and other linear features. 
d) Parameters for selecting a pipeline route 
The route should pass through arid land a way from cities 
and villages (so as to decrease its inherent hazards). The path 
should have minimal intersections with roads and railways, 
and should pass parallel to them (to facilitate building and 
maintenance and avoid sabotage). Route should follow the 
direction of land slope towards the destination area to 
decrease pumping pressure and number of booster pumps. 
Route should also avoid hills, mountains and war zones to 
avoid exposure and destruction.   
 
6.2.3 Route Selection 
The spatial data of the two study areas were converted to digital 
form and set as layers in two views at Arc View program, view1 (figure 
6.2) was called (selecting irrigation canals routes) and view2 (figure 6.3) 
was called (selecting roads, railways and pipelines routes). In these views 
properties for map and distance units were set to meters.  
The non-spatial data was edited using Excel program and exported 
as (data base files) so as to be joined with their corresponding layers 
attribute tables. Two grid themes were added to the above mentioned data 
sets (6.1.2). These grids were used as network themes so as to find routes 
superimposed on them. In the grid attribute tables two cost fields are 
added, one of them shows grid line length (called length) which is 
calculated by Arc View calculator and the other ( called meters ) shows 
the grid line slopes which is calculated by Pascal programs (two  pascal 
programs are written to calculate grid line's slopes) (programs list) and 
(table 6.2). Also point themes (drawn at the cross-section of the grid 
lines) were used as location themes. In the location attribute tables a label 
field was added so as to be used as a landmark to show direction.  
A grid theme is activated by clicking on the table of content for 
view1,  then the command find best route is chosen to display the 
problem definition dialog box and to add an empty theme. After that the 
cost field is set to meters (refer to slope) and working units are set to 
meters to three decimal numbers, this is in regard to route properties. 
Then the start of the route, the stops to be visited and the end of the route 
are specified using the query builder in which Z value (heights) is set to 
greater than (e.g. 380.000). The stops selected are distributed throughout 
the study area but through the selection parameters mentioned before and 
using the contour map to study earth relief and vector map to show the 
general slope direction of the study area, Arc View tools to add and/or 
remove certain stops are used to restrict the area at which a route can be 
selected. Finally the solve button is used to calculate the best route, 
display it in the view and generate a direction report. The results are 
saved in trial1.shape for route and trial1.txt for direction report. Many 
trials were made with changing of position and/or order of stops each 
time then certain notes (chosen from saved trial files) according to 
selection parameters, such as route length, slope, etc were listed in Excel 
sheet. Finally the route profile is created, (drawn by Auto Cad program 
using route's stops), then the optimum main canal route is selected.   
To select routes for sub-canals the following criteria should be 
noted. The  sub-canals routes should begin at the main canal route and 
should follow slope direction of earth relief. Then trials were made to 
choose sub-canal's routes individually. These trials were saved in separate 
themes according to the sub-canal width (20 inch, 12 inch and 6 inch). 
Finally all themes of main canal and sub-canals were laid out, then colors, 
direction arrows, width, dimension, profile (for main canal) and other 
information can be added. Using a suitable scale, template and paper size 
the layout was plotted. 
 
A grid theme is activated by clicking on the table of content for 
view2 then the command find best route is chosen to display the problem 
definition dialog box and to add an empty theme. The cost field is set to 
length and working unit is set to meters to three decimal numbers, this is 
in regard to route properties. When roads start and destination points were 
defined, the stops to be visited were specified according to road route 
parameters (mentioned earlier). Villages, production sites, etc to be 
visited by the route are highlighted at their themes using Arc View 
selection tools, then  add location tool is used to add stops near these 
highlighted features. Arc View is used to select or remove stops so as to 
restrict the area of selected stops. Then many trials are made by 
reordering and solving the problem for each trial. All the trials are saved 
with their direction reports. Then generated notes according to selection 
parameters, such as the number of villages, route length, water crossing, 
railway crossing, slope, cost, encroachment on private properties 
(calculated using Arc View buffer command), etc are listed in Excel 
sheet. The optimum road route is selected from Excel sheet. Finally road 
route is laid out with the other themes set as background. The colors, 
dimension and hotlinks (to show information about certain features 
visited by the route were added). Using a suitable scale, template and 
paper size the layout was plotted. 
 
The procedure of railway route selection is similar to that of the 
road route; the difference is only in the parameters of route selection for 
railways, which are mentioned before. Arc View selection tools are used 
to highlight sites to be visited, then add location tool used to add stops 
near these highlighted features. Buffering zones (with certain radii) are 
made around areas to be avoided (cities, villages, etc) so as to unselect 
stops intersecting with these zones. Using add and/or remove tools the 
area of selected stops is restricted. Then trials are made with reordering 
and solving the problem for each trial. All trials are saved together with 
their direction report. Certain notes taken from trial's files according to 
selection parameters such as slopes, number of sites to be visited (towns, 
villages, etc), farms, factories, wood saws, mining sites, etc were listed in 
Excel sheet. Then the optimum route for the railway is chosen. Finally 
railway route is laid out with the other themes set as background, then 
colors, dimension and hotlinks (to show information about certain 
features visited by the route were added). Using a suitable scale, template 
and paper size the layout was plotted. 
 
The route selection for pipeline is similar to those of railway and 
road routes. The difference is only in the parameters of route selection for 
pipelines, which are mentioned before. Arc View selection tools are used 
to highlight sites to be visited (satisfy selection criteria), then add location 
tool used to add stops  near these highlighted features. Buffering zones 
(with certain radii) are made around areas to be avoided (cities, villages, 
etc). Using add and/or remove tools the area of selected stops is 
restricted. Then trials are made with reordering and solving the problem 
for each trial. All trials are saved together with their direction report. 
Certain notes taken from trial's files according to selection parameters 
such as length, slopes, relationship to roads and railways, etc were listed 
in Excel sheet. Then the optimum route for the pipeline is chosen. Finally 
pipeline route is laid out with the other themes set as background, then 
colors, dimension and hotlinks (to show information about certain 
features visited by the route were added). Using a suitable scale, template 
and paper size the layout was plotted. 
 
 
 
Chapter Seven 
Analysis and Discussion of Results 
 
7.1 General Discussion  
The GIS based route selection technique enables users to integrate 
data that is set as different layers (e.g. agricultural schemes, topography 
of the study area, contours of  the  area, etc), to select routes in a quick 
and cost effective manner. This GIS based techniqe solves different 
problems facing users of the traditional method, like avoiding certain 
sites and visiting others and assessment making. It's precision depends on 
the size of the grid cell i.e the smaller the size of the grid cell the greater 
is the accuracy.  This new method has the advantage of taking into 
consideration all updations of the study area. Also this techinque 
facilitates the following observation of data layer’s features distances, 
areas, volumes, coordinates, directions, slopes and elevations.  
In case of  pipeline and irrigation canals need for booster pumps 
should be considered. There are so many criteria to know how many 
booster pumps are needed if any, from these criteria, generally speaking, 
slope, length, type of liquid, type of linear feature, etc. Further details are 
out of the scope of this thesis.         
In this project, the most important parameters used for route 
selection are as follows: 
a) For irrigation canals the most important parameters is the slope.  
b) For roads is the residentional area served. 
c) For railway is the production sites served. 
d) For pipeline are slope and aviodance of residentional areas. 
 
7.2 Analysis of Results  
An external comparison of the route simulations was completed by 
adding all the results to Excel sheets. With every sheet containing trails of 
selection against selection parameters for each of the following features 
irrigation canals, roads, railways and pipelines. The final results for 
irrigation canals are shown in (figure 7.1) and the final results for roads, 
railways and pipelines are shown in (figure 7.2). 
                                                                                                                
7.2.1 Irrigation Canals  
The study of the area showed that the hightest point is 273.90m, 
the lowest point is 254.01m and the pump off take elevation is 266.32m. 
The scheme area is higher at south and east and sloping towards north 
and west. In the process of  route selection for the main canal route, three 
trials were made for each of  the three sections of the route. Two out of 
each three trials of each stage were rejected because they have one or 
more of the following defects:   
(i) The slope is less than the minimum or too steep.  
(ii) The route is too long or with too much turns. 
(iii) The route need many booster pumps or require much filling. 
Detials of optimum main canals route stages are as follows:       
 
Stage one (figure 7.3), (figure 7.4) and (table 7.1) the  route  
section begins at pump off take with elevation of 266.32m, slope of 
0.2792 % , length of 2400 m, Bearing 270˚ and end at point (A) of 
259.62m elevation. Route 1, is the optimal one, because it is the shortest, 
has no turns and it is fill is not too much.  
  
Trial 
No. 
Slope 
(%) 
Length 
(km) 
No. of 
Turns 
No. of Booster 
Pumps 
Areas of 
cut (m2) 
Areas of 
fill (m2) 
1 0.2792 2.400 0 - 233.032 962.128 
2 0.2680 3.000 5 - 3924.500 0.000 
3 0.2233 2.500 3 - 271.750 1275.261 
Table 7.1 Stage one, main canal route selection parameters. 
 
Stage two (figure 7.5), (figure 7.6) and (table 7.2) the  route  
section begins at point (A) with slope of 0.0700% , length of 2000 m, 
bearing 45˚  and end at point (B) of  258.30m elevation. Although route 1 
and route 2, are similar but route 1, is the optimal one, because it has 
minimal fill.  
  
Trial 
No. 
Slope 
(%) 
Length 
(km) 
No. of 
Turns 
No. of Booster 
Pumps 
Areas of 
cut (m2) 
Areas of  
fill (m2) 
1 0.0700 2.000 4 - 1369.288 68.288 
2 0.0700 2.000 4 - 827.044 130.543 
3 0.0700 2.000 3 - 214.991 651.991 
Table 7.2 Stage two, main canal route selection parameters. 
 
Stage three (figure 7.7), (figure 7.8) and (table 7.3) the route 
section begins at point (A) with slope of  0.0177 % , length of 3100m, 
bearing 253.7˚ and end at point (C) of  260.17m elevation. Route 3, is the 
optimal one, because it has less turns and minimal fill.         
 
Trial 
No. 
Slope 
(%) 
Length 
(km) 
No. of 
Turns 
No. of Booster 
Pumps 
Areas of 
cut (m2) 
Areas of  
fill (m2) 
1 0.0177 3.100 9 - 326.692 1938.692 
2 0.0177 3.100 11 - 399.185 1289.183 
3 0.0177 3.100 8 - 902.673 1035.672 
Table 7.3 Stage three, main canal route selection parameters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The overall optimal route begin at pump off take follow  it is path 
to point (A) where it bifurcate into two main branches ending at (B) and 
(C) points. It's total length 7.500 km, fill of 2066.088 m2 and 14 turns. 
 
Secondary sub-canals routes begin at main canals route and it is 
further subdivided on both sides to cover most of the irrigated area. They 
follow contour lines and end at dry valleys.  
Branch sub-canals routes begin at secondary sub-canals route and it 
is further subdivided on both sides to pass through farms. They should be 
perpendicular  to the contour lines. 
   
7.2.2 Roads      
  The calculated results for road routes are shown in (figure 7.9) and 
(table 7.4). Although route 1 is the shortest route among three routes but 
it intersects with many water features, which increases building cost 
immensely. Route 2  although visited many residential areas and most of 
the important production sites, but it is too long and crosses many water 
features and encroaches on private properties and so not feasible. It is 
shown clearly that route 3 is the optimal one because it visited many 
residential areas and many meadows and pastures (near haffers) which 
can be used to settle people and doesn't encroach on private properties.      
                                                                                                                                 
Trial 
No. 
Length 
(km) 
No. of 
Cities 
No. 
Villages 
Production 
Sites 
Water 
Crossing 
Encroachments 
of private 
properties 
(in Fadden) 
1 44.644 3 8 - 5 - 
2 112.793 2 21 Farm & Pt.  Fields 23 17.412 
3 63.545 3 15 - 7 - 
 Table 7.4 The road route selection parameters. 
 
7.2.3 Railways        
The calculated results for railway routes are shown in (figure 7.10), 
(figure 7.11) and (table 7.5). Route 1, is the shortest and has no water 
crossings but it  crosses the pipeline route and it encroaches on private 
properties leading to higher cost. Route 2, joins between many villages, 
but it is too long and crosses many water features. Route 3 follows 
pipelines route for (41.653km) and has suitable slope and length, therefor 
it is the optimum route.                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                           
Trial 
No. 
Slope 
(%) 
Length 
(km) 
Water 
Crossing 
Encroachments
(in Fadden) 
Production sites 
1 0.306 62.128 0 37.997 Farms 
2 0.304 62.409 3 - - 
3 0.306 62.129 4 - - 
 Table 7.5 The railway route selection parameters. 
 
 
7.2.4 Pipelines    
The calculated results for pipelines routes are shown in (figure 
7.12), (figure 7.13) and (table 7.6). route 1 has the most suitable slope and 
it is the shortest one but it encroaches on private properties leading to 
higher cost. Route 2 is too long, crosses some water features and passes 
near residential areas and can be exposed to sabotage. Route 3 has           
a suitable slope and needs booster pumps at some of it's sections but it is  
free from the defects affecting the other routes,  therefor it is the optimum 
route.                                                                                                                                 
 
Trial 
No. 
Slope 
(%) 
Length 
(km) 
Water 
Crossing 
Encroachments
(in Fadden) 
No. of Booster 
Pumps 
1 0.253 79.117 1 60.665 1 
2 0.214 93.663 7 - 3 
3 0.249 80.257 2 - 2 
 Table 7.6 The pipeline route selection parameters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter Eight 
Conclusions, Recommendations and Problems 
 
8.1 Conclusions 
The work carried out in the research has demonstrated that GIS 
network models and network analysis were successfully applied to route 
selection processes related to irrigation canals, roads, railways and 
pipelines. The techniques of route selection adopted were similar, and the 
only difference is in the selection parameters that vary according to the 
type of linear feature. The results obtained from the investigation clearly 
revealed the great potentiality of a GIS Technology based route selection 
processes related to man-made linear features. Compared to the 
traditional methods of linear features route selection, these modern 
processes minimize the cost and time for selecting a route and show all 
possible and logical alternatives with their recommendations. Thus 
providing options for the decision makers. 
The role of the data type and source should be considered here. 
Different data sources could be incorporated into these modern processes 
after being transformed into digital form. Also storing the data into a 
suitable data exchange format allows the data exchange and data updating 
possibilities between different departments / institutions for similar route 
selection applications. Also, attribute data could be automatically added 
as attribute information in the network theme. 
The element of data integration is very important for realistic results 
and should be considered also. The modern route selection processes are 
based on the integration of all possible data layers related to the route 
selection problems. This is not the case at all with the corresponding 
traditional processes, where the incorporation of one more data layer is 
costly and time consuming. Thus, these modern GIS Technology based 
processes allow users the possibility of integrating information which is 
very difficult to integrate through the traditional Techniques of route 
selection. The effort made in the thesis has demonstrated that the GIS 
Technology based route selection process have a great potentiality in the 
future and should be adopted by the national bodies concerned with the 
route selection problems. This adoption is quite possible, especially with, 
the daily decreasing costs of the GIS hardware and the availability of 
cheap off the shelf GIS software. There is no doubt that the author has 
benefited a lot from the execution of this project. An enormous 
experiences has been gained by the author in the following: 
i) GIS data capture, input, manipulation, processing and analysis. 
ii) Use of GIS application softwares, such as Arc View, Arc Info, 
Auto Cad, Surfer, Photoshop and Pascal .                                  
8.2 Recommendations 
The author would recommend the following: 
i) A national information centre should be established to collect, 
update, transform, etc data so as to make data available and to 
help exchange experience. 
ii) Scientific research in GIS technologies should be encouraged 
and  the researches made applied.    
iii) Sudan should make use of the experience gained by developed 
countries in all GIS fields. 
iv) Missions of qualified people should be sent abroad to gain more 
experience in GIS techniques so as to widen the field of GIS 
application locally.   
v) Subscription in electronic libraries should be encouraged so as 
to increase availability of references, magazines, periodicals and 
research papers in all different fields. 
vi) As most of GIS spatial data are obtained from topographic 
maps, it is a must that all 1: 100,000 scale topographic maps 
covering Sudan should be updated regularly using Remote 
Sensing Techniques.      
vii) Because raster data is difficult to deal with, vectorizing all 
existing raster data facilitates presentation, analysis, updating 
and conversion of data. 
viii) The GIS potentiality for solving many of the daily faced 
problems at many fields, should be considered.  
  
8.3 Problems 
The problems faced by the author during the execusion of this 
work may be summarized by: 
i) Most recent products of GIS and Remote Sensing programs are 
not available here for the time being. 
ii) Many regions in the Sudan are not covered with maps of scale 
1:100,000 and the maps available are not up to date. 
iii) Most maps of the Sudan are not converted to digital form. 
iv) People in the administrative fields of surveying are not 
cooperative and are not convinced that the information they 
have is of value for researchers and other interested people. 
v) Computers used in preparing, editing, storing, analyzing and 
presenting projects data are PC computers with limited capacity 
and capability.  
vi) Some data layers, which are important for the route selection 
processes are not available for the study area(e.g. Soil map, 
which is very important to avoid fault land).  
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Figure 6.1, AD Damazin Area map.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pascal program to calculate grid line's slope. 
Program1 To calculate the grid line's slopes *** followed by program2 to 
rearrange the slopes 
{n numbe of pionts} {m numbe of slopes} {cn numbe of columns} {rn 
numbe of rows} {program program1; 
var 
c,x,y,z,s,sL,sLx,sLy,dx,dy:array[1..750]of real; 
xd,yd:real; 
l,i,j,n,m,m1,ln,cn:integer; 
rf1,rf2,df1:text; 
label 10; 
begin 
assign(rf1,'slopex.dat'); 
rewrite(rf1); 
assign(rf2,'slopey.dat'); 
rewrite(rf2); 
assign(df1,'spht1.dat'); 
reset(df1); 
readln(df1,n,m);  
readln(df1,cn); 
writeln(rf1,n,'  ',m); 
writeln(rf1,'  ',cn); 
xd:=2; 
yd:=1; 
m1:=round(M/2); 
for i:= 1 to n do 
begin 
read(df1,x[i],y[i],z[i]); 
end; 
For j:=1 to n do    
begin 
s[j]:=(z[j+1]-z[j])/(100*xd); 
L:=j mod cn; 
if L=0 then goto 10; 
LN:=j; 
sLx[j]:= 1+S[j]; 
writeln(rf1,'  ',sLx[j]:6:4); 
10:end; 
For j:=1 to m1 do 
begin 
LN:=j; 
sLy[j]:=1+(z[j+cn]-z[j])/(100*yd); 
writeln(rf2,'  ',sLy[j]:6:4); 
end; 
close(rf1); 
close(rf2); 
end.} 
{*********************************************************} 
program program2; 
var                                    
sLx,sLy:array[1..155]of real; 
k,L,H,i,j,n,m,m1,m2,mx,my,cn,rn,Ln:integer; 
rf1,rf2,df1,df2,rf3:text; 
label 10,20,30,40,50,60,70,80,90,100; 
begin 
assign(rf1,'slopeyx.res'); 
rewrite(rf1);   
assign(df1,'slopex.dat'); 
reset(df1); 
assign(df2,'slopey.dat'); 
reset(df2); 
readln(df1,n,m,cn,rn);  
mx:=cn-1; 
my:=rn-2; 
H:=mx+my; 
L:=n div H; 
for i:= 1 to mx do 
begin 
read(df1,sLx[i]); 
writeln(rf1,'   ',sLx[i]:6:4); 
end; 
for j:= 1 to L do 
begin 
for i:= 1 to H do 
begin 
if odd(i) then goto 50 
else goto 60; 
50:read(df2,sLy[i]); 
writeln(rf1,'   ',sLy[i]:6:5); 
if odd(i) then goto 70; 
60:read(df1,sLx[i]); 
writeln(rf1,'   ',sLx[i]:6:5); 
70:end; 
end; 
close(rf1); 
end. 
Tables 
 
Table (6.2) The grid line's slopes.  
 
Line 
number Slope 
1 0.0014 
2 -0.00755 
3 0.0022 
4 -0.0062 
5 0.00305 
6 -0.0024 
7 0.0032 
8 0.0048 
9 -0.00255 
10 0.0022 
11 0.00335 
12 -0.0014 
13 0.00115 
14 -0.00155 
15 0.0025 
16 0.00055 
17 0.00325 
18 0.00385 
19 0.00275 
20 0.00685 
21 0.0018 
22 0.0022 
23 -0.0006 
24 0.00155 
25 0.00435 
26 -0.0047 
27 0.0012 
28 -1E-04 
29 0.0002 
30 0.00155 
31 -0.0052 
32 -0.01025 
33 -0.0079 
34 0.00085 
35 -0.0012 
36 -0.00285 
37 -0.0011 
38 0.0031 
39 0.0031 
40 -0.0003 
41 0.0138 
42 0.00855 
43 0.0062 
44 0.001 
45 0.0062 
46 -0.00255 
47 0.0035 
48 0.00085 
49 -0.0003 
50 0.00145 
51 0.0058 
52 0.00165 
53 -0.0008 
54 -0.00215 
55 0.0024 
56 5E-05 
57 0.0006 
58 0.0016 
59 -0.0003 
60 1E-04 
61 0.0039 
62 0.00535 
63 -0.0028 
64 0.0005 
65 0.0004 
66 0.00435 
67 0.0052 
68 0.00925 
69 -1E-04 
70 -0.00085 
71 -0.003 
72 0.00075 
73 0.0072 
74 0.0045 
75 0.0168 
76 0.00635 
77 0.005 
78 -0.00155 
79 0.0111 
80 -0.00165 
81 -0.0025 
82 -0.0056 
83 -0.0067 
84 -0.0109 
85 -0.00055 
86 -0.0018 
87 -0.0057 
88 -0.0018 
89 0.00085 
90 0.0014 
91 -0.00125 
92 0.015 
93 0.0099 
94 -0.0002 
95 -0.0079 
96 0.009 
97 0.01315 
98 0.0024 
99 -0.0023 
100 0.0122 
101 0.00235 
102 0.0004 
103 -0.00505 
104 -0.0013 
105 0.0006 
106 0.0052 
107 0.0049 
108 0.004 
109 -0.00275 
110 0.0026 
111 -0.00065 
112 0.0004 
113 0.0005 
114 0.0035 
115 0.00165 
116 0.0033 
117 0.00525 
118 -0.0003 
119 -0.0013 
120 -0.0008 
121 0.0041 
122 0.0002 
123 0.00975 
124 1E-04 
125 -0.0009 
126 -0.0012 
127 1E-04 
128 0.0108 
129 0.0105 
130 0.0015 
131 0.0017 
132 -0.0015 
133 -0.00305 
134 0 
135 -0.0009 
136 0.001 
137 -0.0051 
138 -0.0077 
139 -0.0066 
140 0 
141 0.0031 
142 -0.00085 
143 0.0014 
144 0 
145 0.0015 
146 -0.0012 
147 0.0138 
148 0.01605 
149 0.0015 
150 -0.01405 
151 0.0012 
152 0.013 
153 -0.0015 
154 -0.00365 
155 -0.0053 
156 0.00045 
157 0.0027 
158 -0.00105 
159 0.0077 
160 0.0031 
161 0.0105 
162 0.0063 
163 -0.0011 
164 -0.00855 
165 -0.0016 
166 -0.0009 
167 0.002 
168 0.0023 
169 0.0015 
170 0.0014 
171 0.001 
172 0.005 
173 0.0006 
174 -0.0015 
175 0.0003 
176 0.00395 
177 -0.0026 
178 0.0083 
179 -0.0006 
180 1E-04 
181 0.0121 
182 0.00645 
183 0.0004 
184 0.00465 
185 -0.0007 
186 0.00115 
187 0.0004 
188 -0.0025 
189 -0.0056 
190 -0.0039 
191 0.0205 
192 0.00795 
193 0.0035 
194 -0.0024 
195 -0.00295 
196 0.0003 
197 0.0005 
198 -0.0017 
199 -0.001 
200 0.0082 
201 0.00375 
202 0.0035 
203 0.0137 
204 0.004 
205 -0.0138 
206 -0.005 
207 0.0085 
208 0.0014 
209 -0.00045 
210 -0.0013 
211 -0.0009 
212 0.0025 
213 0.00085 
214 -0.0062 
215 -0.00125 
216 0.0032 
217 0.011 
218 0.001 
219 -0.00965 
220 0.0012 
221 -0.0008 
222 0.0014 
223 0.0024 
224 0.0007 
225 0.00105 
226 0.0036 
227 0.00645 
228 0.001 
229 -0.0028 
230 -0.0108 
231 -0.00195 
232 -0.0206 
233 0.0034 
234 0.0004 
235 0.0106 
236 0.0085 
237 0.0105 
238 -0.0056 
239 -0.0024 
240 -0.0077 
241 1E-04 
242 -0.0018 
243 0.00045 
244 -1E-04 
245 -0.00305 
246 0.0002 
247 0.0081 
248 -0.0066 
249 -0.0019 
250 -0.0006 
251 0.0027 
252 0.0028 
253 0.0018 
254 -0.00145 
255 0.0172 
256 0.01145 
257 -0.0064 
258 0.0019 
259 0.0103 
260 -0.00545 
261 -0.0003 
262 0.0032 
263 0.0012 
264 0.0003 
265 0.0005 
266 -0.00125 
267 0.0028 
268 0.002 
269 0.0003 
270 -0.0025 
271 -0.0027 
272 0.0095 
273 -0.0012 
274 -0.0089 
275 0.0013 
276 0.00045 
277 0.0007 
278 0.0021 
279 0.0016 
280 0.0015 
281 0.003 
282 0.00715 
283 0.0012 
284 -0.0037 
285 0.0117 
286 0.0033 
287 0.0011 
288 -0.0019 
289 -0.0002 
290 0.00995 
291 0.0095 
292 0.01535 
293 1E-04 
294 -0.0071 
295 0.002 
296 0.00105 
297 -1E-04 
298 -0.0006 
299 0.0017 
300 -0.00215 
301 -0.0115 
302 0.0015 
303 -0.0002 
304 0.0031 
305 0.00105 
306 0.0132 
307 0.00785 
308 0.0084 
309 -0.00385 
310 -0.0016 
311 0.00645 
312 -0.003 
313 0.0012 
314 0.0127 
315 0.0024 
316 0.0012 
317 -0.00255 
318 0.0018 
319 0.0006 
320 0.004 
321 -0.00015 
322 0.0027 
323 0.00135 
324 0.0012 
325 -0.00325 
326 -0.0022 
327 0.0078 
328 0.0019 
329 -0.00685 
330 0.0015 
331 0.00025 
332 0.0046 
333 0.00365 
334 0.0045 
335 0.00145 
336 -0.0031 
337 0.00335 
338 0.0028 
339 -0.00075 
340 0 
341 0.0019 
342 0.0191 
343 0.00765 
344 0.009 
345 0.0049 
346 -0.0148 
347 0.00345 
348 -1E-04 
349 0.00025 
350 0.0017 
351 0.00195 
352 0.0033 
353 0.0002 
354 0.0023 
355 -0.00265 
356 -0.0003 
357 0.0002 
358 0.0015 
359 0.0028 
360 0.0017 
361 0.0015 
362 0.0072 
363 0.0038 
364 -0.0027 
365 -0.0009 
366 0.0041 
367 0 
368 0.00165 
369 -0.004 
370 0.0004 
371 0.0007 
372 -0.0002 
373 0.0017 
374 0.0011 
375 0.0016 
376 -0.0002 
377 -0.0008 
378 0.00015 
379 0.0046 
380 -0.00055 
381 -0.0006 
382 0.0052 
383 0.0012 
384 -0.00595 
385 0.0021 
386 0.0007 
387 0.0077 
388 0.00645 
389 0.005 
390 1E-04 
391 1E-04 
392 0.0009 
393 0.002 
394 0.0002 
395 0.0006 
396 0.0012 
397 -0.0003 
398 0.0072 
399 0.0049 
400 0.0075 
401 0 
402 0.001 
403 0.0019 
404 0.0012 
405 0.002 
406 0.002 
407 -0.0022 
408 -0.0019 
409 -1E-04 
410 -0.0016 
411 0 
412 0.00025 
413 0.002 
414 0.0029 
415 0.00215 
416 -0.0035 
417 0.004 
418 0.008 
419 0.00305 
420 0.0019 
421 0.00105 
422 0 
423 0.0007 
424 -0.0007 
425 5E-05 
426 -0.002 
427 -0.00085 
428 0.0008 
429 0.0025 
430 0.0013 
431 5E-05 
432 0.0064 
433 0.0027 
434 0.0007 
435 -0.0034 
436 -0.0011 
437 0.0043 
438 0.0022 
439 -0.0043 
440 0.0019 
441 0.00055 
442 0.0013 
443 0.00615 
444 0.0017 
445 0.0003 
446 0.0002 
447 0.00015 
448 -0.0009 
449 -0.00035 
450 0.0019 
451 0.0026 
452 -0.0006 
453 0.00595 
454 -0.0015 
455 0.00705 
456 -0.0002 
457 0.00165 
458 0.0036 
459 0.0031 
460 -0.0004 
461 0 
462 0.0042 
463 0.0004 
464 0.0005 
465 -0.00345 
466 0.0033 
467 0.00165 
468 0.0056 
469 0.0017 
470 0.0002 
471 -0.0008 
472 0.00275 
473 0.0005 
474 0.0037 
475 -0.001 
476 0.0003 
477 0.0002 
478 0.0013 
479 0 
480 -5E-05 
481 0.0012 
482 -0.00025 
483 -1E-04 
484 0.00185 
485 -0.0013 
486 -0.00055 
487 0.0002 
488 0.00345 
489 0.0045 
490 -0.00125 
491 -0.0006 
492 0.00175 
493 0.0019 
494 -0.00305 
495 0.0028 
496 0.001 
497 0.0019 
498 0.0057 
499 0.0033 
500 0.001 
501 0.0035 
502 0.00025 
503 0.0013 
504 -0.00145 
505 0.0017 
506 0.0028 
507 -0.0011 
508 0.00455 
509 0.0036 
510 0.0094 
511 0.0031 
512 0.0014 
513 0.0016 
514 0.00235 
515 -0.0029 
516 -0.00225 
517 -0.006 
518 -0.00115 
519 -0.0002 
520 -0.00055 
521 -0.0898 
522 -0.04315 
523 0.0007 
524 0.0033 
525 0.0015 
526 0.0015 
527 0.00185 
528 -0.001 
529 0.00245 
530 0.0008 
531 0.0012 
532 0.0045 
533 0.00315 
534 0.0002 
535 -0.0022 
536 0.004 
537 0.00165 
538 0.001 
539 0.00035 
540 0.0013 
541 -0.0004 
542 0.0043 
543 0.00495 
544 0.0002 
545 -0.0033 
546 0.0027 
547 0.003 
548 0.0035 
549 -0.00265 
550 0.0039 
551 0.0012 
552 0.0022 
553 0.00485 
554 0.0069 
555 0.00335 
556 0.0091 
557 0.00135 
558 0.0075 
559 -0.00225 
560 0.003 
561 0.00055 
562 -0.0009 
563 0.0026 
564 0.0003 
565 0.01 
566 0.0039 
567 0.0032 
568 -0.0037 
569 -0.00145 
570 1E-04 
571 -0.00035 
572 -0.0003 
573 -0.00135 
574 0.0004 
575 -0.0002 
576 0.1049 
577 0.0091 
578 0.0069 
579 0.0039 
580 0 
581 0.0088 
582 0.0043 
583 0 
584 -0.00195 
585 -0.0002 
586 0.0011 
587 0.0008 
588 0.00365 
589 0.0005 
590 -0.00235 
591 -1E-04 
592 0.00135 
593 -0.0009 
594 -5E-05 
595 0.0026 
596 0.00135 
597 0 
598 0.00365 
599 0.0045 
600 -0.00105 
601 0.0032 
602 0.00235 
603 0.0051 
604 -0.0017 
605 0.0035 
606 0.0004 
607 0.0041 
608 0.00515 
609 0.0042 
610 0.0034 
611 0.0023 
612 0.0004 
613 0.0003 
614 -0.00325 
615 0.004 
616 0.0024 
617 0.0024 
618 0.0018 
619 0.0012 
620 0.0094 
621 0.0018 
622 0.0035 
623 -0.0009 
624 -0.0028 
625 -0.0011 
626 -0.00045 
627 0.0075 
628 0.00295 
629 0.0107 
630 0.0014 
631 0.0033 
632 0.0054 
633 -0.0002 
634 0.004 
635 0.0021 
636 0.002 
637 0.0033 
638 0.003 
639 -0.00145 
640 0.0016 
641 0.0004 
642 0.001 
643 0.00335 
644 0.0049 
645 -0.0004 
646 0.0017 
647 -0.00025 
648 0.0044 
649 0.0013 
650 0.0018 
651 5E-05 
652 0.0049 
653 0.0052 
654 0.0036 
655 -0.0017 
656 0.0014 
657 0.00125 
658 0.0063 
659 0.00075 
660 0.0003 
661 -0.0026 
662 0.0009 
663 0.00545 
664 -0.0008 
665 0.00255 
666 0.0002 
667 0.0009 
668 0.0071 
669 0.0002 
670 0.005 
671 0.00135 
672 0.0035 
673 0.00105 
674 0.003 
675 0.00915 
676 -0.0052 
677 -0.0006 
678 0.0002 
679 -1E-04 
680 0.0006 
681 -0.00025 
682 -0.0005 
683 0.0024 
684 0.0041 
685 0.0037 
686 0.0029 
687 0.0048 
688 0.0025 
689 0.0036 
690 0.00265 
691 0 
692 0.0015 
693 0.003 
694 5E-05 
695 0.0019 
696 -0.00015 
697 0.0007 
698 0.00275 
699 -0.0003 
700 -0.0009 
701 0.0007 
702 0.00025 
703 0.0026 
704 0.00225 
705 0.004 
706 0.00075 
707 0.0026 
708 0.0045 
709 0.0047 
710 -0.00065 
711 0.0016 
712 -0.0003 
713 0.003 
714 0.00145 
715 0.0031 
716 -0.00255 
717 0.0047 
718 0.00625 
719 0.0004 
720 0.0004 
721 0.0002 
722 0.0008 
723 0.0054 
724 0.0028 
725 0.0062 
726 0.00175 
727 0.0065 
728 0.0012 
729 -0.0009 
730 0.00545 
731 -0.0004 
732 -0.00035 
733 -0.0002 
734 0 
735 0.0036 
736 0.00165 
737 0.0141 
738 0.00765 
739 0.0133 
740 0.0033 
741 0.0106 
742 0.00345 
743 0.0051 
744 0.0014 
745 0.0008 
746 0.0032 
747 0.0024 
748 0.0004 
749 -0.00135 
750 0.0047 
751 0.002 
752 0 
753 0.0004 
754 0.001 
755 -0.0004 
756 0.0033 
757 0.0014 
758 0.0042 
759 0.0027 
760 0.0018 
761 -0.00045 
762 0.0049 
763 0.00605 
764 0.0062 
765 0 
766 0.0041 
767 -0.00135 
768 0.004 
769 0.0014 
770 0.0031 
771 -0.003 
772 0.0004 
773 0.0049 
774 0.0019 
775 0.00115 
776 0.0094 
777 0.00455 
778 0.005 
779 0.0006 
780 0.0033 
781 0.0009 
782 0.0025 
783 0.0008 
784 0.0027 
785 0.00555 
786 -0.0006 
787 -0.002 
788 -0.0004 
789 1E-04 
790 0.0147 
791 0.0092 
792 0.0122 
793 0.0064 
794 0.0083 
795 0.00135 
796 0.0143 
797 0.00645 
798 0.0017 
799 0.001 
800 0.00045 
801 0.0035 
802 0.00365 
803 0.0034 
804 -0.0014 
805 0.0024 
806 0.0015 
807 0.005 
808 0.0017 
809 0.0002 
810 -0.0028 
811 0.0005 
812 0.00155 
813 -1E-04 
814 0.0024 
815 0.0049 
816 0.00205 
817 0.0015 
818 0.00435 
819 0.0066 
820 0.00255 
821 0.0053 
822 -0.002 
823 0.0038 
824 0.00065 
825 0.0023 
826 -0.00375 
827 0.0028 
828 0.00515 
829 0.0016 
830 0.00055 
831 0.0021 
832 0.0048 
833 0.008 
834 0.00355 
835 0.0045 
836 -0.00085 
837 0.0043 
838 0.0007 
839 0.0024 
840 0.0046 
841 0.0011 
842 -0.00265 
843 0.0034 
844 0.00125 
845 0.0104 
846 0.0127 
847 0.0034 
848 0.0029 
849 0.0086 
850 0.00395 
851 0.0102 
852 0.00725 
853 0.0035 
854 0.0065 
855 0.00195 
856 0.0028 
857 0.0018 
858 0.0058 
859 1E-04 
860 0.0019 
861 -0.00045 
862 0.0023 
863 0.0019 
864 0.0002 
865 -0.00385 
866 0.0063 
867 0.0046 
868 0.003 
869 0.00075 
870 0.0016 
871 0.00135 
872 0.005 
873 0.00605 
874 0.0017 
875 0.0009 
876 0.0054 
877 -0.00015 
878 0.0095 
879 0.0027 
880 0.0027 
881 -0.00715 
882 0.0037 
883 0.00565 
884 0.0032 
885 0.0003 
886 0.0017 
887 0.00405 
888 0.006 
889 0.0057 
890 0.0092 
891 0.00075 
892 0.0057 
893 -0.00105 
894 0.0077 
895 0.0056 
896 0.0056 
897 -0.0037 
898 0.013 
899 0.00495 
900 0.0032 
901 0.0078 
902 0.0009 
903 0.00175 
904 0.0117 
905 0.00935 
906 0.0091 
907 0.00595 
908 0.0062 
909 0.0046 
910 0.00115 
911 0.0086 
912 0.0038 
913 0.0068 
914 -0.0008 
915 0.0021 
916 -0.0028 
917 0.0028 
918 0.00225 
919 0.005 
920 -0.00275 
921 -0.0003 
922 0.00195 
923 0.0025 
924 0.00215 
925 0.002 
926 0.0011 
927 0.0074 
928 0.00875 
929 0.0072 
930 0.0008 
931 0.005 
932 -0.00125 
933 0.0125 
934 0.00645 
935 0.0035 
936 -0.01165 
937 0.0057 
938 0.00675 
939 0.0039 
940 -0.0006 
941 0.0021 
942 0.00315 
943 0.007 
944 0.00815 
945 0.009 
946 0.00175 
947 0.0115 
948 0.0002 
949 0.0139 
950 0.0068 
951 0.0124 
952 -0.00445 
953 0.0079 
954 0.0027 
955 0.0021 
956 0.0049 
957 0.008 
958 0.0047 
959 0.0052 
960 0.00795 
961 -0.0125 
962 -0.0029 
963 0.0038 
964 0.005 
965 0.00175 
966 0.0038 
967 0.0032 
968 -0.0002 
969 -0.0028 
970 0.0008 
971 -0.0023 
972 0.0028 
973 0.00325 
974 0.0025 
975 -0.0029 
976 0.0028 
977 0.0021 
978 0.0046 
979 0.00305 
980 0.005 
981 0.0013 
982 0.0011 
983 0.0068 
984 0.0087 
985 0.0046 
986 0.004 
987 -0.0036 
988 0.0042 
989 0.00655 
990 0.0024 
991 -0.01255 
992 0.006 
993 0.00855 
994 0.0056 
995 -0.0008 
996 0.0035 
997 0.0021 
998 0.0017 
999 0.00725 
1000 0.005 
1001 0.0034 
1002 0.0086 
1003 0.002 
1004 0.0031 
1005 0.00405 
1006 0.0015 
1007 -0.00525 
1008 0.0136 
1009 0.00875 
1010 0.0086 
1011 0.0024 
1012 0.0148 
1013 0.0078 
1014 0.0055 
1015 0.0033 
1016 0.0054 
1017 -0.00295 
1018 0.0048 
1019 -0.0003 
1020 -0.0008 
1021 -0.0008 
1022 0.00295 
1023 1E-04 
1024 -0.00235 
1025 0.0023 
1026 -0.0012 
1027 0.0029 
1028 0.00355 
1029 0.0035 
1030 -0.0026 
1031 0.0055 
1032 0.0031 
1033 0.007 
1034 0.0038 
1035 0.0003 
1036 -0.00205 
1037 0.0044 
1038 0.00885 
1039 0.0091 
1040 0.00695 
1041 0.0082 
1042 -0.00405 
1043 0.0093 
1044 0.0071 
1045 0.0035 
1046 -0.01545 
1047 0.0041 
1048 0.00885 
1049 0.0089 
1050 0.0016 
1051 0.0091 
1052 0.0022 
1053 0.0075 
1054 0.00645 
1055 0.0018 
1056 0.00055 
1057 0.0026 
1058 0.0024 
1059 0.0002 
1060 0.00285 
1061 -0.003 
1062 -0.00685 
1063 0.0086 
1064 0.01455 
1065 -0.006 
1066 -0.0049 
1067 0.0172 
1068 0.0194 
1069 -0.0015 
1070 -0.00605 
1071 -0.0025 
1072 -0.00345 
1073 -0.0008 
1074 0.0039 
1075 0.00155 
1076 0.0032 
1077 0.0026 
1078 0.001 
1079 -0.00345 
1080 0.0028 
1081 -0.0003 
1082 0.0065 
1083 0.0054 
1084 0.006 
1085 -0.00285 
1086 0.0066 
1087 0.0034 
1088 0.0042 
1089 0.0026 
1090 0.0066 
1091 -0.00085 
1092 0.0054 
1093 0.00825 
1094 0.0128 
1095 0.01065 
1096 0.0054 
1097 -0.00775 
1098 0.007 
1099 0.0079 
1100 0.0115 
1101 -0.0132 
1102 0.0035 
1103 0.00485 
1104 0.006 
1105 0.00285 
1106 0.0046 
1107 0.0015 
1108 0.0012 
1109 0.00475 
1110 0.0065 
1111 0.0032 
1112 0.0046 
1113 0.00145 
1114 0.0031 
1115 0.0021 
1116 0.0106 
1117 -0.0031 
1118 -0.014 
1119 0.00225 
1120 -0.0028 
1121 0.0007 
1122 -0.0245 
1123 0.00855 
1124 0.013 
1125 0.0127 
1126 0.0029 
1127 -0.0085 
1128 0.0008 
1129 -0.0006 
1130 0.00085 
1131 -0.0008 
1132 0.0025 
1133 0.0013 
1134 -0.0024 
1135 0.0071 
1136 0.0026 
1137 0.0062 
1138 0.00495 
1139 0.0059 
1140 -0.003 
1141 0.0084 
1142 0.00465 
1143 0.0101 
1144 0.00345 
1145 0.0047 
1146 -0.00355 
1147 0.0121 
1148 0.01195 
1149 -0.0035 
1150 0.00285 
1151 0.0242 
1152 0.0061 
1153 -0.0059 
1154 -0.00715 
1155 0.0069 
1156 -0.0068 
1157 0.0056 
1158 0.0042 
1159 0.0077 
1160 0.0039 
1161 0.0023 
1162 -0.0012 
1163 0.008 
1164 0.0076 
1165 0.0045 
1166 0.00145 
1167 -0.0014 
1168 -0.0015 
1169 0.0112 
1170 0.0084 
1171 0.0138 
1172 -0.0018 
1173 -0.002 
1174 -0.00565 
1175 0.0234 
1176 0.0134 
1177 -0.0013 
1178 -0.0038 
1179 -0.0269 
1180 -1E-04 
1181 0.0084 
1182 0.00915 
1183 0.1012 
1184 0.0026 
1185 -0.04845 
1186 0.0006 
1187 0.0015 
1188 0.0019 
1189 -0.00175 
1190 0.003 
1191 0.00315 
1192 0.0054 
1193 0.00615 
1194 0.005 
1195 -0.0032 
1196 0.0132 
1197 0.00875 
1198 0.0083 
1199 0.001 
1200 0.0135 
1201 -0.00095 
1202 0.0106 
1203 0.0105 
1204 0.0074 
1205 0.00125 
1206 -0.0056 
1207 -0.0004 
1208 0.001 
1209 -0.00385 
1210 0.0075 
1211 -0.00355 
1212 0.0068 
1213 0.00385 
1214 0.0087 
1215 0.00485 
1216 0.0095 
1217 -0.0008 
1218 0.005 
1219 0.00535 
1220 0.0072 
1221 0.00255 
1222 0.009 
1223 -0.0006 
1224 0.0127 
1225 0.01025 
1226 -0.0047 
1227 -0.0105 
1228 1E-04 
1229 -0.00325 
1230 -0.009 
1231 0.00885 
1232 0.011 
1233 0.0062 
1234 0.0003 
1235 -0.00545 
1236 -0.0181 
1237 -5E-05 
1238 -0.1192 
1239 0.0003 
1240 0.0113 
1241 0.0005 
1242 0.0016 
1243 0.0023 
1244 -0.00085 
1245 0 
1246 0.002 
1247 0.005 
1248 0.00865 
1249 0.0048 
1250 -0.0033 
1251 -0.0026 
1252 0.00505 
1253 0.0094 
1254 0.007 
1255 0.0092 
1256 -0.00105 
1257 0.0036 
1258 0.0077 
1259 0.0016 
1260 0.00025 
1261 -0.0028 
1262 -0.0026 
1263 0.0034 
1264 -0.00075 
1265 0.0091 
1266 -0.0007 
1267 0.0026 
1268 0.0006 
1269 0.0028 
1270 0.00495 
1271 -0.0003 
1272 -0.00235 
1273 -0.0015 
1274 0.00475 
1275 0.0017 
1276 0.00415 
1277 0.0133 
1278 0.0052 
1279 0.0019 
1280 0.00455 
1281 0.0013 
1282 -0.0108 
1283 0.004 
1284 -0.0019 
1285 -0.0068 
1286 0.00345 
1287 -0.0105 
1288 0.00435 
1289 0.0027 
1290 0.00115 
1291 -0.0009 
1292 -0.00185 
1293 0.0208 
1294 0.0028 
1295 0.0023 
1296 0.0037 
1297 0.00205 
1298 0.005 
1299 -0.0002 
1300 0.005 
1301 0.002 
1302 0.0152 
1303 0.01375 
1304 0.0099 
1305 -0.00595 
1306 0.0017 
1307 0.00095 
1308 0.0002 
1309 0.00625 
1310 0.0088 
1311 0.00325 
1312 0.0108 
1313 0.0087 
1314 0.0002 
1315 -0.00505 
1316 0.0051 
1317 -0.00015 
1318 0.0049 
1319 -0.00085 
1320 -0.0019 
1321 -0.0041 
1322 0.0074 
1323 0.00525 
1324 0.0041 
1325 0.0033 
1326 0.0029 
1327 -0.00295 
1328 0.0025 
1329 0.00455 
1330 0.002 
1331 0.0039 
1332 0.0158 
1333 0.0121 
1334 -0.0029 
1335 -0.0048 
1336 0.0191 
1337 0.0002 
1338 0.0017 
1339 -0.0106 
1340 0.0065 
1341 0.00585 
1342 0.025 
1343 0.0136 
1344 0.0018 
1345 -0.01045 
1346 0.002 
1347 -0.00175 
1348 0.0043 
1349 0.0016 
1350 0.00095 
1351 0.0017 
1352 0.0021 
1353 0.0023 
1354 1E-04 
1355 0.0036 
1356 0.00265 
1357 0.0006 
1358 0.01225 
1359 0.0021 
1360 -0.0052 
1361 0.0039 
1362 0.00185 
1363 0.0087 
1364 0.00865 
1365 0.0054 
1366 0.0016 
1367 -0.0002 
1368 0.0059 
1369 0.0005 
1370 -0.0047 
1371 0.0171 
1372 0.00815 
1373 0.0054 
1374 -0.0067 
1375 0.0064 
1376 -0.0036 
1377 0.0086 
1378 0.00635 
1379 0.0042 
1380 0.0011 
1381 0.004 
1382 -0.00305 
1383 0.0005 
1384 0.0028 
1385 0.007 
1386 0.00715 
1387 0.0046 
1388 0.0109 
1389 0.0064 
1390 -0.0039 
1391 0.0132 
1392 0.0036 
1393 0.003 
1394 -0.0157 
1395 0.0086 
1396 0.00865 
1397 -0.0344 
1398 -0.0079 
1399 0.0066 
1400 0.01005 
1401 0.0104 
1402 0.00015 
1403 0.004 
1404 0.0036 
1405 0.00075 
1406 0.0035 
1407 0.00205 
1408 0.0034 
1409 5E-05 
1410 0.0045 
1411 0.0032 
1412 0.0013 
1413 0.01065 
1414 0.0054 
1415 -0.00315 
1416 0.0068 
1417 0.00255 
1418 0.0099 
1419 0.0102 
1420 -0.0023 
1421 -0.0045 
1422 -0.0061 
1423 0.004 
1424 0.008 
1425 0.00235 
1426 0.0063 
1427 0.0073 
1428 0.0064 
1429 -0.00665 
1430 0.0099 
1431 -0.00185 
1432 0.0096 
1433 0.0062 
1434 0.0082 
1435 0.0004 
1436 0.0092 
1437 -0.00255 
1438 0.0123 
1439 0.00435 
1440 0.0086 
1441 0.0053 
1442 0.015 
1443 0.0141 
1444 0.0131 
1445 -0.00485 
1446 0.0098 
1447 0.00195 
1448 0.003 
1449 -0.0191 
1450 0.0047 
1451 0.0095 
1452 0.0344 
1453 0.00695 
1454 0.0088 
1455 -0.00275 
1456 0.0141 
1457 0.0028 
1458 0.0013 
1459 0.0019 
1460 0.00105 
1461 0.0041 
1462 0.00315 
1463 -0.0002 
1464 -0.0021 
1465 0.0011 
1466 0.00385 
1467 -0.0043 
1468 0.00795 
1469 0.0015 
1470 -0.00025 
1471 0.0077 
1472 0.00565 
1473 -0.0039 
1474 0.0044 
1475 0.01 
1476 0.00245 
1477 0.0003 
1478 -0.00085 
1479 0.0088 
1480 0.0066 
1481 0.0087 
1482 0.00725 
1483 0.0059 
1484 -0.00805 
1485 0.0119 
1486 0.00115 
1487 0.0076 
1488 0.00405 
1489 0.0064 
1490 -0.0002 
1491 0.009 
1492 -0.00125 
1493 0.0085 
1494 0.0041 
1495 0.006 
1496 0.00405 
1497 0.0009 
1498 0.01155 
1499 0.0102 
1500 -0.0002 
1501 -0.0142 
1502 -0.01025 
1503 0.0073 
1504 -0.00835 
1505 0.0144 
1506 0.01305 
1507 -0.0052 
1508 -0.00285 
1509 0.008 
1510 0.00385 
1511 0.0152 
1512 0.0064 
1513 0.0021 
1514 0.0052 
1515 0.0026 
1516 0.0028 
1517 0.00195 
1518 0.0079 
1519 0.00045 
1520 0.005 
1521 0.0024 
1522 0 
1523 0.00545 
1524 0.0058 
1525 0.00265 
1526 0.0139 
1527 0.0097 
1528 0.0128 
1529 0.00385 
1530 -0.0011 
1531 -0.0045 
1532 0.0035 
1533 0.00145 
1534 0.0128 
1535 0.01125 
1536 0.0029 
1537 0.0023 
1538 0.0075 
1539 -0.00575 
1540 0.0101 
1541 0.00245 
1542 0.0047 
1543 0.00135 
1544 0.0056 
1545 0.00025 
1546 0.0132 
1547 0.00255 
1548 0.011 
1549 0.003 
1550 0.0008 
1551 -0.00105 
1552 -0.0011 
1553 0.0106 
1554 -0.0008 
1555 -5E-05 
1556 -0.003 
1557 -0.01135 
1558 0.0073 
1559 -0.0032 
1560 -0.0117 
1561 0.00355 
1562 0.0397 
1563 0.02285 
1564 -0.0028 
1565 -0.0174 
1566 -0.0012 
1567 0.0072 
1568 0.0056 
1569 0.0027 
1570 0.00115 
1571 0.0024 
1572 0.0018 
1573 0.0021 
1574 0.0003 
1575 0.006 
1576 0.00435 
1577 0.001 
1578 0.00295 
1579 0.0081 
1580 0.0062 
1581 0.0022 
1582 0.00675 
1583 0.0028 
1584 0.00415 
1585 0.002 
1586 -0.0049 
1587 0.006 
1588 0.00345 
1589 -0.0064 
1590 0.00505 
1591 0.0123 
1592 0.01165 
1593 0.0157 
1594 -0.00405 
1595 0.0038 
1596 -0.0035 
1597 0.0116 
1598 0.00525 
1599 0.0056 
1600 -0.00275 
1601 0.012 
1602 0.00575 
1603 0.0085 
1604 0.00125 
1605 0.0014 
1606 -0.0046 
1607 -0.0143 
1608 0.00275 
1609 -0.0027 
1610 0.00575 
1611 0.0046 
1612 -0.0077 
1613 0.0034 
1614 -0.0038 
1615 -0.0013 
1616 0.0012 
1617 -0.0456 
1618 0.0007 
1619 -0.0042 
1620 0.0033 
1621 -0.0128 
1622 0.0029 
1623 0.0058 
1624 0.0041 
1625 0.0003 
1626 0.0029 
1627 0.0012 
1628 0.0034 
1629 0.00055 
1630 0.0015 
1631 0.0034 
1632 0.0036 
1633 0.004 
1634 0.0048 
1635 0.0068 
1636 -0.0007 
1637 0.004 
1638 -0.002 
1639 0.0035 
1640 0.0078 
1641 0 
1642 0.0097 
1643 0.0044 
1644 0.0006 
1645 0.0005 
1646 0.0109 
1647 0.0168 
1648 -0.0002 
1649 -0.0096 
1650 0.0037 
1651 -0.00155 
1652 0.0003 
1653 0.00355 
1654 0.0049 
1655 -0.00045 
1656 0.0053 
1657 0.00595 
1658 0.0223 
1659 0.00975 
1660 0.0119 
1661 -0.0098 
1662 -0.0003 
1663 -0.00335 
1664 -0.0072 
1665 0.0023 
1666 0.0071 
1667 -0.00055 
1668 0.007 
1669 -0.00385 
1670 0.0012 
1671 -0.0017 
1672 0.0018 
1673 0.001 
1674 0.0011 
1675 0.00295 
1676 0.0044 
1677 0.00455 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
